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SOME  ASPECTS  OF  PESTILENCES  AND  OTHER 
EPIDEMICS. 
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By  B.  8.  GowBK. 


I.    Tbb  Black  Death. 

From  the  time  of  the  first  recorded  pestileuoc  down  to  tbe 
piYscnt  tlicrt:  bnve  been  co  in  pA  rati  rely  few  peHods  of  any  con- 
siderable lengtli  when  pestilences  or  other  epidemics  have  not 
prevailed  iu  some  part  of  tbe  world.  One  of  tbe  most  persistent 
of  the.**  is  the  disease  now  known  as  the  Oriental  or  bnbonic 
plagDC.  It  is  possible  that  the  last  of  "the  plagues  of  Egypt" 
was  this  same  pestilence;  and  there  can  be  little  doubt  that  the 
more  thui  50,000  Israelites  and  Philistlneji  "slain  by  the  angel 
of  tbe  Lord"  near  Bcthshemesh  on  account  of  tbe  ark  (I  Sam. 
Iv,  6),  OS  well  as  the  70,000  "destroyed  by  Jehovah"  on  ac- 
coont  of  David's  sin  (II  Sam.  xxiv,  15),*  were  simply  victims 
orthepe.stilence  which  is  destroying  its  thousands  in  the  Orient 
to-day,  for  tbe  symptoms,  so  far  as  they  are  given,  arc  similar. 
It  is  probable,  therefore,  that  the  plague  of  David  was  ideutical 
with  the  ijestiletice  which,  according  to  Homer,  broke  out  in 
the  Greek  camp  during  the  Trojan  war.  And  we  may  reason- 
ably suspect  that  one  of  Job's  afflictions  was  an  attack  of  tbe 
bubonic  plague.  The  plague  of  Athens  (430  B.  C),  so  graphi- 
cally dcscri^td  by  Tbucydidcs,  though  resembling  the  genuine 
?]ague  in  some  respects,  was  probably  not  identical  with  it. 
n  the  description  of  this  pestilence  we  get  our  first  valuable 

>  This  attribntjon  of  pe«(ilca<^«!i  to  the  "angel  of  the  Lord"  wu  sot 
pecaliar  to  that  early  nxc;  bclici  In  tbejr  dlvloe  origin  sad  pnaitlre 
natare  permitted  in  Europe  nnlil  T«e«ntly. 


gowbn: 


data  for  a  psychological  study  of  pestilential  epidemics.  lo 
the  account  gjveu  by  Rufus  of  Ephesiis  coDceniitig  a  pestilence 
300  B.  C.  we  hare  probably  ibe  first  autheiilic  account  in  pro- 
fane hbtory  of  the  genuine  bubouic  plague.  Procopiiis,  an 
eye  witness  of  the  Jtustinian  plague  (542  A.  D.),  proves  that 
scourge  to  be  the  greatest  and  most  wide-spread  pestilence 
known  up  lo  that  time: — Indeed,  it  has  been  surpassed  in  its 
sweep  and  destructivcncss  by  only  one  io  the  history  of  the 
world,  8ud  that  one  is  the  Black  Death. 

Tbotigh  alt  the  intervening  centuries  record  numerous  pesti- 
lenoes — usually  five  or  six  to  the  century — onr  attention  will 
centre  tnaiuly  in  the  epidemics  of  the  later  Middle  Agea,  and 
particularly  in  the  fourteenth  century,  for  into  it  were  crowded 
more  pestilences  and  peculiar  epidemics  than  have  ever  been 
known  at  any  other  time.  Not  to  mention  the  famine  which. 
in  the  second  decade  of  the  century,  strewed  the  roads  with 
the  dead,  and  caused  imprisoned  thieves  to  devour  oue  another, 
Dor  the  severe  scourges  of  some  of  the  more  common  diseases, 
such  as  measles  and  small-pox,  there  were  probably  twenty 
vUits  of  the  plague  in  various  parts  of  Kutope:  besides,  the 
witch  mania  still  held  sway,  and  the  craze  of  the  I'lagtllants 
was  almost  unii'ersal;  the  dancing  mania  in  some  form  or  other 
overran  a  number  of  European  countries, — St.  John's  and  St. 
Viiua's  dance  in  central  and  northero  Europe,  and  tarantism  in 
Italy:  and  that  most  terrible  (though  not  the  most  vide-spretid) 
of  all  disea.<ies,  St.  Anthony's  fire,  raged  particularly  tn  France 
and  Kngtnnd.  Truly  this  was  "a  oetitury  of  putrid  malignant 
affections." 

The  Bhick  Death,  which  we  shall  consider  first,  occurred 
about  the  middle  of  the  ceotnry,  though  the  name  which  it 
now  bears  was  not  applied  to  it  till  about  a  century  later.  It 
bos  verj-  appropriately  been  called  "the  greatest  calamity  ever 
visited  upon  mankind. "  Dr.  Creighton,  speaking  of  the  Black 
Death  (103a:  II  133),  says  that  although  the  political  history 
of  that  part  of  the  century  is  uot  unimportant,  '  'it  shrinks  into 
insignificance  in  the  presence  of  that  tremendous  social  calamity 
which  changed  the  whole  face  of  rural  England,  and  by  trans- 
forming her  agricultural  sj'stem,  gave  a  new  direction  to  her 
iadttstriea,  left  a  lasting  impress  on  her  laws,  her  arts,  and  her 
manners,  and  in  a  word,  profoundly  and  periuaneiitly  affected 
the  whole  future  course  of  her  political,  social  and  ecouomic 
Ufe.- 

Only  by  a  somewhat  extended  study  of  the  Rlack  Death  will 
we  be  prepared  to  appreciate  its  full  significance  for  a  psycho- 
logical study.  Let  it  be  understood  at  the  outset,  however, 
that  in  describing  the  Black  Death  I  am  but  describing  a  se\-ere 
form  of  the  bubouic  plague,  for  it  is  not  a  disease  sui generis, — 
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a  pestilcDce  that  visited  the  earth  but  once  and  then  diat.p- 
peared  forever,  as  some  have  thonght  (1:416). 

I  have  referred  to  the  Black  Death  as  the  greatest  calamity 
the  human  race  wa'!  ever  subjected  to.  It  is  true,  the  Jits- 
tinian  plagae,  which  ushered  io  the  Middle  Ages,  was  called  a 
world- pestilence,  for  it  overran  the  known  world  nf  that  early 
date,  but  the  knowu  world  in  1348.  when  the  Bbck  Death,  the 
next  world -pestilence,  brought  the  Middle  Ages  to  a  close,  was 
a  much  greater  world.  There  have  been  two  or  three  scourges 
siDce  that  date  which  were  less  general  in  their  sweep  but 
even  more  destructive  In  some  places.  London,  for  example, 
suffered  probably  as  ranch  tn  1603  and  1625.  and  perhaps  even 
more  from  the  "Great  Plague"  iu  1665.  when  the  plague  aaao 
epidemic  visited  l-^n^laiid  for  the  la.st  time.'  The  same  could 
be  said  of  Milan,  Marseilles,  CoDslsnlinoplc.  and  other  cities; 
btit  tvhni  gives  the  Black  Death  greater  prominence  is  the  fact 
that  it  was  pandemic. 

As  to  the  origin  of  the  Black  Death,  then  are  various  opin- 
l<m?i.  Not  a  few  writers  have  considered  it  a  special  punish- 
ment  sent  by  the  Almighty  because  of  the  wickedness  of  the 
world;  others  have  thought  that  the  plague  was  "created 
in  the  beginning."  and  that  there  has  been  no  break  in  it 
since;  still  others  think  it  unnecessary  to  assume  that  the 
Black  Death  (or  the  plague  in  any  form)  "was  created  in 
heaven"  for  the  punishment  of  man's  wickedness,  or  that  it 
has  existed  in  unbroken  "iUCCKwion  sinci;  the  begionlng  of  the 
world;  but  prefer  to  hold  that  the  germs  exist,  and  only  need 
suitable  soil  or  right  conditions  in  order  to  develop  and  pro- 
duce the  disea»e.  This  view,  it  seems  to  me,  will  force  itself 
upon  one  who  makes  a  careful  and  exhaustive  study  of  all  the 
fads.  The  origin  of  (he  Black  Death,  as  of  other  onthreaksof 
the  plague  in  modem  times,  could  no  doubt  be  traced  to  natu- 
ral causes  in  some  definite  place  if  records  had  been  kept. 
Whether  it  originaI«<l  in  China.'  as  some  think,  or  in  Arabia, 
as  others  believe.  I  shall  not  discuss;  but  shall  stop  where  I 
think  absolutely  authentic  history  stops. 

\Vc  have  definite  proof  thai  the  plague  afterwards  known  as 
the  Black  I>eath,  existed  at  Caffa  or  Gaffa(iK)w  Theodnsia),  • 

>Dr.  Crci|{hton  aayt^I.  ao3)tbat  it  eea»ed  In  16M.  but  Draylev 
(Inir.  to  DcVoc,  p.  zx),  »ayt  that  in  a  milder  form  it  persisted  tin 
1679. 

•Many  writer*,  following  more  or  Ies«  Tagae  report*,  are  of  opinion 
thai  tile  HIbcIc  Death  oiii;iDated  la  China  iii  1333  in  conucctioD  with 
tarttifjtMkeH  ami  (amine.  Dr.  Crcighion  rcletn  lo  thi*  tctt<lrncy  to 
ptftcc  the  orisin  ao  (nr  oS  bi  posaibli;  when  be  uya  that  a^rarding  to 
(ome  epidciDolotciat*  ">t  ia  ciiouzh  to  have  tiac<ed  b  vitui  to  a  remote 
•ourec,  to  'the  roof  of  the  earth,'  or  the  backbone  of  the  east  wind, 
and  there  to  leave  it." 
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Genoese  city  in  the  Crimea,  about  the  middle  of  the  fourteenth 
century  (30:48).  In  1346  thi»  town  was  attacked  by  the  Tar- 
tars, and  at  some  time  dutiuK  this  siege,  probably  in  134.;,  the 
plagne  broke  out  among  the  Tartars,  and  carried  off  thousands 
daily.  The  bcMCgcrs,  dci'painng  of  taking  the  cily  by  force, 
and  hoping  to  get  pos^es^iou  in  an  indirect  way.  or  perhaps  to 
take  revenge  on  the  bcscigcd,  bc^an  to  use  their  engineit  of 
war  for  horling  into  the  city  the  bodies  of  those  who  had  died 
of  the  pestilence  (30:48).  The  city  wasabandoned;  the  inhabi* 
tants  took  to  their  shipx  and  sailed  westward,  cAUBiti^  the 
spread  of  the  plague  in  Europe.  It  came  to  Constantinople; 
tne  emperor,  John  CantacuMme,  following  Tbucydides'x  de- 
scription of  an  earlier  pestilence,  says  (40:10),  "The  epidemic 
which  then  raged  in  Northern  Seythia,  traversed  the  entire 
scacoast,  whence  it  was  carried  all  over  the  world.  For  it  in- 
vaded not  only  Pontus,  Thrace  and  Macedonia,  but  Greece, 
Italy,  the  Inlands.  Kitypt.  Libya.  Judea,  Syria,  and  almost  the 
entire  universe. "  A  detailed  study  of  the  Black  Death  for  the 
next  four  or  five  years  would  lead  to  the  acceptance  of  such  a 
description  as  this,  without  so  much  discount  as  would  at  Grst 
seem  necessary. 

It  wa.s  early  in  the  year  1348  that  the  ships  which  are  be- 
lieved to  have  brought  the  infection  from  the  Crimean  city 
reached  Italy.  Though  the  ships  arrived  safe, — some  at 
Genoa,  some  at  Venice,  some  at  other  ports, — not  so  the  crews, 
for  De'Mussi  says  that  of  a  thousand  sailors  hardly  ten  were 
spared  (30:50).  At  some  places  ships  were  seen  without  crews; 
drifting  with  the  tide,  loiichiug  shore  here  and  there,  and 
spreading  the  poison  everywhere  they  touched  (49:31;  40:11), 
just  as  in  the  country  "herd:*  were  seen  without  a  shepherd," 
roamiug  at  will,  and  communicating  the  plague  (30:50), — for 
cattle,  as  well  as  men  and  rats,  are  subject  to  this  disease 
(30:46;  49:5;  34:8).  It  mattered  little,  however,  whether  ten 
or  a  thousand  sailors  reached  home,  for,  to  use  Covino's  ex- 
pression, "one  cat!  infect  the  whole  world."  And  this  seems 
less  of  an  exaggeration  af\er  reading  stich  accounts  as  the  fol- 
lowing, by  Dc'Mus-si  {30:52).  "Some  Getioe-sc,  who  fled  from 
the  plague  raging  in  their  city,  betook  themselves  hither  to 
Piacenr.a.  They  rested  at  Bobbio,  and  there  sold  the  mer- 
chandise they  had  btonght  with  them.  The  purchaser  and 
their  host,  together  with  all  his  family  and  many  neighbors, 
wvre  quickly  .'vtrtcken  with  the  sickness,  and  died.  One  of 
these,  wishing  to  make  his  will,  called  a  notary,  bis  confessor, 
nod  the  necessary  witnesses.  The  next  day  all  these  were 
buried  together.  So  greatly  did  the  calamity  increase  that 
nearly  all  the  inhabitants  of  Bobbio  soon  fell  a  prey  to  the  sick- 
ness, and  there  remained  in  the  town  only  the  dead,"     And 
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again  (p.  53):  "It  was  the  same  in  neighboring  towns  and 
villages.  One  Obeno  di  Sasso,  who  bad  come  one  day  from 
an  infected  place  to  the  church  of  the  Friars  Minor  to  make 
his  wit),  called  Ibilber  a  notary,  witnesses  and  nejfihbors.  All 
tbeM,  together  with  othcn.  to  the  nnmber  of  more  Ihac  sixty, 
died  within  a  short  space  of  time. — [Besides  many  members  of 
the  variou.t  reliKiouH  ordem]  more  than  .sixty  dignitaries  and 
rectors  of  the  churches  in  the  city  and  district  of  Piacenza  died. 
Of  nobles,  too,  many;  of  young  people  a  vast  number." 

Sucb  descriptions  as  tbij  could  be  given  of  almost  every  city 
on  the  Italian  peninsular;  and  not  only  at  this  date,  but  during 
many  other  visits  of  the  plague,  for  Italy  was  visited  sixteen 
times  in  the  fourteenth  century  (40:31).  Milan,  which  was 
the  only  imponant  city  to  escape  in  1348.  was  not  so  fortunate 
on  other  occasions,  especially  about  two  centuries  later.  Some 
of  our  mast  interesting  material  will  be  found  when  we  take  up 
the  plague  of  1630  in  that  city.  And  the  description  whudi  It 
will  be  necessary  to  give  of  that  scourge  will  make  it  dcsiraUe 
to  omit  details  of  a  similar  nature  in  other  places. 

It  not  only  spread  throiighoiit  the  length  and  breadth  of 
Italy,  but  found  its  way  into  France.  Hardly  a  nook  or  corner 
of  Ibis  country  escaped.  Li  Muisis.  Abbot  of  St.  Martin's, 
Toumay,  who  was  a  contemporary  of  the  events  he  describes, 
gives  a  vivid  picture  of  the  ravages  of  the  plague  not  only  in 
bis  own  city,  but  In  all  France.  Avignon,  then  the  seat  of 
Pope  Clement  VI,  suffered  more  than  most  cities.  The  pope 
left  the  city  for  a  time,  and  in  order  to  make  it  |>a4.<iib1e  for  the 
sick  lo  have  attention,  he  granted  plenary  absolution  to  all 
who  would  care  for  the  sick  (40:41);  otherwise  it  would  have 
been  difficult  to  get  any  to  do  this  work  of  mercy.  Marseilks 
was  sorely  afflicted,  as  it  was  a  century  or  two  later;  and  Paris 
did  DOt  escape.  To  show  how  nearly  universal  it  was  in 
France,  one  author  says  the  plague  went  "from  town  to  town, 
village  to  village,  from  bouse  to  house,  and  even  from  person 
to  per9on."  Indeed,  this  same  statement  could  be  made  of 
almost  all  European  countries,  and  would  bcno  great  exaggera- 
tion. 

It  had  overrun  Spain '  before  it  had  become  so  wide-Kpread 
in  France,  From  France  it  look  several  different  courses, — 
toward  Germany,  Itelglum,  Holland  and  England.  After 
raging  in  England  for  a  whole  year,  it  found  its  way  into 
Wales,  Ireland  and  Scotland,  aud  in  i3.iso,  iuto  Greeuland  and 
Iceland.  On  the  continent  in  this  same  year,  it  came  into 
Switzerland  apparently  from  different  directions;  it  alsovisited 

'  Spain  Bnfiereit  grettly  agsin  in  1399,  when  it  was  «a  depopnUted 
that  the  law  tarbi<Irlii>){  women  (o  aiarry  within  •  year  of  tbeir  hai- 
faands'  death  was  auspeuJed  <  no :  I,  143}. 


oowrn: 

Austria.  Hungary,  Poland,  Norway,  and  Xonheni  Europe 
gen«rally,  rmcliing  Russia  in  1351.  Thus  its  sway  in  Europe 
extended  from  1347  to  1351.  This  must  be  understood  as 
a  mere  outliue,  intended  to  give  only  a  general  view  of  the 
course  of  tbis  dread  disease,  It  must  be  remembered  that 
scarcely  a  town  or  bsmlet  et^caped  in  any  of  these  countries 
meniiooed,  and  indeed,  in  some  countrien  not  specified,  to- 
gether with  many  islands  of  the  sea.  Creighton  expresses  it 
well  when  lie  says  thnt  not  a  couKtry  fiom  Chiua  to  the  At- 
lantic escaped. 

One  is  naturally  curious  to  know  something  more  in  detail 
concerning  the  nature  of  n  di«eflioe  that  brought  sucb  wide- 
spread desolation  at  one  visitation,'  to  say  nothing  of  the  hall 
a  hundred  other  viititutions  iu  Europe  from  the  time  of  William 
tbc Conqueror  till  the  "GrcatFlaguc"  (1665),  and  half  ascore 
or  more  since  that  time. 

In  general,  we  may  &ay  the  s>-mptoms'  of  the  Black  Death 
were  of  two  kinds,  outward  and  inward.  Of  the  outward  signs, 
there  was  swelling  of  the  gland  (u.iually  in  the  armpit,  groin 
or  neck)  called  imposthumes  or  buboes;  dark  spots  ou  the 
breast  or  back, — known  as  "God's  tokens,"  usually  shortened 
to  '"tokens" — (the  color  of  these  spots  gave  the  disease  its 
name  of  "Black  Death");  sometimes  carbuncles  io  the  fleshy 

?irt»;  in  some  cases.  inRammatoiy  IxtiJs.  separate  or  conflncnt. 
he  chief  inward  sigu  was  blood -spitting,  or  as  some  say, 
"vomiting,"  but  while  this  was  found  wherever  the  plague 
raged,  it  was  not  found  in  every  csm: — not  even  in  all  severe 
cases.  I  may  menliou,  also,  that  delirium  was  TeT>'  frequently 
present.  Many  writers  mention  a  gangrenous  inflammation  of 
the  throat,  and  violent  pains  in  the  chest;  this  no  doubt  was 
connected  with  the  bUiod-spilting.  There  was  a  pestilential 
odor  from  the  breath  of  those  who  vomited  blood.  Dr.  Ilodgcs 
(106:  367)  speaks  of  the  perspiration  being  purple  or  green- 
ish black  and  of  the  blood  being  colored,  In  the  East  the 
plague  usually  began  with  nose- bleeding,  and  this  was  a  sure 
sign  of  death,  as  blood-spitting  was  in  the  West; — it  is  said 


'The  pUgne  returned  to  BnglRiid  five  time*  be/ore  Ihe  end  of  the 
foartecutl)  cctitaiy, — [361. 1368-9. 1375.  i  jSz,  1390-1.  Hod  cot  (be  coun- 
try been  »odepopaI«tedalrefKly,1fac  *cour|(cin  1361  would  liavc  rivaled 
the  Black  Deatk:  it  cliiiiiieil  more  victuni  amouK  chllJren  (aa  iw 
name,  "prstis  putrorwn,"  indicates)  and  nmong  tbe  higher  cluaies 
than  the  plaKO' io  ■34^>'-'i°<lecd  the  BUck  Death  it  unually  consid- 
ered a  diiease  of  tbe  lower  claHM.  but  it  did  nM  apare  the  great  by 
any  meani;  the  wile  and  a  dauKbter  of  Bdward  III,  of  Eitgland, 
Jonanaa  of  NHvarre,  Johaoua  of  Burtiundy.  two  brothers  of  the  klnji 
of  Sweden,  hliovaa  XI,  of  Spain,  and  others  connected  with  royal 
fatntlie^  were  victimii  of  the  placnc. 

*C/.  Guqset:  7;  Ueekcr:  1,  t).;  Sprengcl:  II,  606  t. 
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ill  EnRland  was  known  to  live  longer  than  a  day 
I  by  vomiting  blood  (^  63:23).  I  use  "vomititig" 
and  "spittiog"  interchangeably,  for  dissection  always  showed 
the  luogx  to  be  the  part  alTected  when  this  symptom  was  pres- 
ent: in  fact  the  Inngs  were  practically  consamed  by  a  putrid 
inflammation.  Absolute  dissolution  seemed  to  be  aimed  at;  dis- 
section  would  show  more  decay  iiimde  than  out.  In  tbe  West, 
the  loogs  were  often  attacked  and  death  was  near  before  any 
outward  sIrus  or  buboes  appeared,  accordin);  to  the  account 
given  by  de  Chauliac.  Physicians  sometimes  opened  bodies 
and  found  bu];e  carbuncles  iusidc.  The  buboes  were  fre- 
quently as  large  aR  a  hen's  egg;  if  they  broke,  or  became  run- 
ning sores,  there  was  hope  for  the  patient,  otherwise  death 
occurred  iu  a  short  time.  The  "tokens,"  or  outward  signs 
which  almost  surely  indicate  death,  are  black  spots,  carbun- 
cles, or  buboes,  and  inflammatory  boils,  unless,  as  stated  above, 
tbe  but>oe3  or  boils  should  break. 

The  plague  did  not  attack  all  people  in  the  same  way.  Some 
retired  at  night,  apparently  well,  and  were  found  dead  next 
monting;  some  fell  into  a  deep  sleep  from  which  they  conld 
not  be  rotised;  some  were  struck  suddenly  and  died  within  a 
few  hours;  olliers,  wild  with  fever,  could  not  sleep,  and  were 
consumed  with  a  deadly  thirst.  It  was  not  uncommon  for  per- 
sons who  felt  no  pain  to  »ee  the  tokens  and  then  be  dead  iu  a 
few  hours.  Dr.  Hodges  (106:363)  says  that  men  who  were 
engaged  in  conversation  with  their  friends  have  been  known  to 
liill  suddenly  into  a  pTofouud  and  often  deadly  sleep.  Dr. 
Guthrie,  who  was  in  Moscow  during  one  visit  of  tbe  plague, 
saw  men  fall  as  if  .^hot  (106:363);  some  of  these,  however, 
would  recover.  Dr.  Alexander  Russell  {p.  239)  confirms  these 
reports,  and  Antes  (p.  43)  has  known  men  to  drop  dead  with- 
out the  least  warning  sign.' 

It  must  not  be  inferred  that  the  majority  died  suddenly,  1.  e., 
without  warning:  those  who  began  with  uosc-bleeding  or 
blood-spitting  might  live  a  day,  but  not  longer.  If  they  were 
attack*^  in  some  other  way  they  might  live  till  the  third  day, 
the  day  on  which  most  deaths  occurred:  vne  who  lived  beyond 
tbe  third  day  was  likely  to  die  the  fifth  if  he  died  at  all.  One 
who  recovered  mi^ht  be  attacked  again  and  again,  even  a.s 
many  as  half  a  dozen  limes,  and  was  no  more  likely  to  die 
because  of  having  had  the  plague  before. 

It  can  well  be  understood  that  accurate  statistics  could  not 
be  gathered  in  a  scourge  like  this;  50  we  arc  prepared  for  con- 
siderable difference  of  opinion  in  regard  to  the  number  of  sick, 


>  C/.  also  H«cker :  6;  Gasqnet :  10;  Spreogel :  11, 606  (.;  P«paii :  1, 173; 
Webiler  ;I,  loj. 
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the  percentage  of  deaths,  the  total  number  of  victims,  and  so 
on.  Before  giving  the  cstimstcs  of  various  authors  on  these 
points,  it  may  be  well  to  consult  the  reports  in  regard  to  more 
recent  scourges  where  the  figures  can  be  relied  upon  as  correct, 

Dr.  McLesn,  vho  spent  some  time  in  the  Levant  sturiying 
the  plague  iu  1817,  says  that  90  per  cent,  of  the  sick  died,  but 
be  fails  to  give  the  percentage  of  atlaclc.  In  a  study  of  the 
Pali  plague  of  1836  (50:  V,  515)  Hirach  says  that  30  per  cent, 
of  the  entire  population  were  attacked  and  that  about  So  per 
cent,  of  the  sick  died. — giving  a  mortality  of  54  per  cent.,  or 
nearly  one-fourth  of  the  entire  population.  The  report  of  the 
commission  appointed  by  the  Hnglish  parliament  1900  and  1901 
gives  a  similar  percentage  for  Bombay.  Sternberg,  whose  in- 
vestigalioQS  are  more  recent  still,  gives  (p.  105)  the  mortality 
of  those  attacked  among  Chinese,  as  94.4  per  cent.  It  is  rea- 
sonable to  conclude,  therefore,  that  the  death  rale  was  no  less 
in  the  Middle  Ages  when  ignorance  of  sanitation  gave  the 
Blacl:  Death  a  better  field  than  the  plague  can  have  in  modem 
titoea.  And  as  the  mortality  was  about  the  same  at  difFcreot 
timea  and  places,  the  death  lists  of  some  of  the  most  important 
dties  may  give  the  clearest  notion  of  what  the  world  lias 
suflvred. 

Marseilles  lost  in  one  month,  16.000;  Florence,  60,000  alto- 
gether; Avignon,  60.000;  Sienna.  70,000;  Venice,  100,000; 
London.  [00,000,  according  to  Barnes  and  Rickmann.'  These 
are  not  the  highest  estimates — Boccaccio  (Intro,  to  Decameron) 
gives  too.ooo  for  Florence,  as  against  the  60.000  mentioned 
above;  and  150,000  are  the  ligures  given  by  Gasquet  (p.  37) 
and  Anglada  (p.  431)  for  Avignon;  while  Guy  de  Chauliac, 
who  was  a  practicing  phj'sician  there  at  the  time,  says  (chap. 
V)  that  three-founhsof  the  population  had  the  plague,  and  all 
who  had  it  died.  Moscow  is  said  to  have  lost  200,000  in  one 
visitutibu  of  the  plague;  during  the  "Great  Plague,"  Webster 
says  150,000  died  in  Naples,  or  if  wc  include  the  Neapolitan 
territories,  the  grand  total  reachea4oo,ooo(iio:I,  190).  Some 
places  lost  their  40,000  or  50,000  in  a  very  few  weeky.  In 
many  cities  1,000  or  1,300  in  a  day  was  not  unusual  when  the 
plague  wa.<>  at  il.s  height; '  and  both  Constantinople  and  Rome 

■  Pof  these  and  other  dtie*  ^,  Ucckcr:3j,  14;  SprcBgcl :  If,  C06; 
Ha«Mr:n,  116. 

■It  Blay  well  be  iinagiusd  that  the  (lucBiton  of  burinl  wa4  ■  very 
eerioas  one  in  limen  of  lucb  mortality,  foi  the  donhle  renioii  that  the 
dead  were  no  tnany  mid  the  living  so  (ew.  "There  irwr*  ic«rccty 
eoough  left  10  biiiy  the  'lesil,"  i*  an  expression  used  in  all  parts  of  the 
world.  In  f»ct,  bodies  ircrc  lonictimes  tbTown  into  the  ttrcci  and  left 
tbtrc  for  day*  (4o:6r>).  At  Avikiiou  ibc  pope  c<ni*ecr*ted  llic  Rhone 
•o  that  bodie*  might  be  thrown  into  it  (49^15)-  Michaud  uya  (II. 
187)  that  more  than  400  bodies  a  day  were  cnuuied  doaliii);  dowii  tbe 
Nile.    As  a  rule,  Ircnchei  served  for  graves;  bodies  were  c«TTie(l  by 
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are  said  to  bave  [oet.  at  differeut  times,  as  high  as  lo.oco  in 
one  day  (49:23;  i  to:I.  69,  97).  DtfTerctit  writers  estimate  that 
Italy  lost  balfits  population  altogether,  as  n  result  of  the  Black 
Death  (40:44;  49:36)1  Padua  lost  two-thirds,  aud  Venice 
three-fotirtlui. — the  real  fled  (40:36).  In  many  placejt  la 
France  the  pestilence  carried  off  nine  out  of  ten,  according  to 
Vlloduroa  (40:50).  The  number  of  Minorites  alone  who  died 
ia  Italy  is  estimated  at  30.000  (44:!!,  139;  40:45)-  Both 
Walnngham  and  Wood  have  estimated  England's  loss  at  the 
same  fignrex  given  for  pans  of  Frnn«  and  Italy,  i.  e..  niue- 
tentbs  (49:25;  40:44:  1:413  f.);  but  others,  more  conservative, 
give  it  as  three-fourths  or  even  one-half.'  At  any  rate,  its 
severity  in  England  was  so  great  as  to  cause  the  king  to  pro- 
roKue  parliament  several  times,  and  make  a  truce  with  France 
which  broke oS  the  hundrcd-yeant' warforsix  years  (24:!.  177): 
also  so  great  as  to  break  up  Oxford  for  a  time,  and  seriously 
cripple  it  for  many  yenr»;  of  the  thirty  thousand  students 
claimed  for  the  university  by  the  chancellor,  Fitzralpb,  t>efore 
the  Black  Death,  not  more  than  one-third  were  back  at  work 
about  ten  years  later  (34:1,  189:  40:310), '  D^iugliiss  says  that 
three-fourths  of  Poland's  population  died.  Germany's  loss  is 
estimated  by  Haeser  and  others  at  alumt  1,500,000(49:26), 
195,000  of  these  being  friars  of  the  "Barefooted"  order  (44:11 
139).  Many  German  towns  of  probably  300.000  weie  entirely 
bereft  of  inhabitants, — by  death  or  by  Sight.  Altogether  it 
has  been  estimated  that  not  less  than  10,000  country  towns  and 
vlllasea  were  left  without  n  living  soul  (40:50).  The  king  of 
Sweden  said  that  scarcely  a  man  escaped  in  Norway,  A  wil- 
derness grew  up  where  there  had  been  dvitizaiion;  lands  were 
oncullivated;  villages  aud  houses  were  uninhabited  and  deso- 
lated.    Not  for  generations  did  the  country  recover  (34:!  191; 

tb«<«rt-load  anddotnped  lato  dllclica,  hundred*— •ome  My  thonHoda 
— in  ouv  illtch  (73 :  I,  141 ).  And  wc  arc  totd  (73 :  I,  179)  ttint  ott  innny 
occasion),  hccaasc  of  he«rt1c>«ac>B  at  ha.ite,  people  wnie  buried  alh«. 

'  AraODg  reccDt  writen  wbo  believe  thnt  KukI""'!  lo*t  half  Its  popB- 
latlon  are  CtbIi^IiIob  (Io^:II,  iSS),  Cortiett  (iojk  ;  II,  too),  Ctiiintng- 
bam  (p.  375-6)  and  Seebolim  (pp.  93.  149 j;  Prof.  Thorolil  Roger*  does 
not  deny  ttali  perceiitaKC  but  he  belicTo  (p.  19O  tbnt  tbe  uiual  e*ti- 
male  of  1.500,000  lor  Ru((Uiid'»  total  I0M  is  too  IiIkIi,  (or  that  number, 
be  concladcs  from  a  CHlculstioD  Iwoed  on  the  productive  jxjwer  of  the 
land,  i«all  llmt  the  country  could  hare  nupported  before  the  Blaek 
IVslfa:  GMCjoel.  bowarcr,  baring  ascertained  from  tbc  church  roIlK 
the  nnnb«r  of  tbe  clergf,  •rgiies(p.  305,  note)  that  on  the  baais  of 
RO);<-t*'ii  etliumte  one  iD>n  in  everj  tirenty-fiTe  wbd  a  priest, — a  con- 
clusion not  eHsily  accepted. 

*  One  thiuK  that  shows  bow  tbe  Black  Death  impiessed  itself  on  lh« 
Bind  of  tbe  Enfflish,  U  tbe  fact  that  documeuU  were  aflerwatd  dated 
from  ttiat  ev«Bt^aitesd  of  from  tbc  rcij^nfuj;  king,  a*  liad  been  cua- 
tomary  (54:1,  469). 


in: 

40:68.69).  It  ii;  estimated  that  Europe  altog:cther  lost  35,- 
000,000  duriiig  Ihc  Kiga  of  tbe  Black  Hvulh.  and  Cbioa  lad 
the  East.  36.000.000  (49:30).  If  these  fiRurcs  arc  even  ap- 
proximatMy  correct  it  b  probably  true,  as  Hecker  says  (p.  30), 
that  one-fourth' of  the  earth's  iahiUtants  became  victims  of 
this  terrible  scourge. 

In  speakiDfc  of  this  universal  desolatiou,  Petrarch,  who  saw 
the  ravages  of  tbe  Black  Death  in  Parma,  expresses  himself 
thus  (Episi.:  VIII.  7):  "How  will  posterity  believe  thai  there 
hH«  brto  a  time  when  without  the  lightning  of  heaven  or  the 
fires  of  earth,  without  wars  or  other  vi§iblc  slaughter,  not  thU 
or  that  part  of  the  earth,  but  well  nif;h  the  whole  glolie  baa 
remained  without  inhabitants?  We  ourselves  should  think 
we  arc  dreaming,  if  wc  did  not  with  our  eyes,  when  we  walk 
abroad,  see  the  city  in  mourning  with  funerals;  aud  returning 
to  our  home,  find  it  empty,  and  thus  koow  that  what  we 
lament  is  real."  Petrarch  was  in  a  position  to  realize  the 
awfalncss  of  the  pestilence,  for  besides  seeing  so  much  himself, 
his  brother  was  in  a  monastery  where  he  had  to  bury  thirty- 
four  of  the  inmates;  and  worst  of  all,  perhaps,  in  his  eyes, 
Laora,  whom  he  has  immortalized  in  bis  poems,  died  of  the 
plague  at  Avignon. 

It  seems  appropriate  in  this  connection  to  quote  another 
famous  writer,  Boccaccio,  who,  as  already  mentioned,  was  ao 
eye-witness  of  the  plague  in  Florence,  in  134S.  "What  mag- 
nificent dwelliugs,  what  notable  palaces  were  there  depopu- 
lated  to  the  hiit  person  I  What  families  extinct !  What  riches 
and  vast  possessions  left,  and  no  known  heir  to  inherit !  What 
number  of  both  sexes  in  the  prime  and  vif^r  of  youth,  whom 
in  the  morning,  either  Gulen.  Hippocrates,  or  .^sculapius 
himself  but  would  have  declared  in  perfect  health,  after  dining 
with  their  friends  here,  have  supjied  with  their  departed 
friends  in  the  other  world"  (Intr.  to  Decameron), 

What  Michaud  says  (II.  187),  in  regard  to  the  uncertainly 
of  life  iu  Egypt,  is  equally  true  of  many  other  places:  "It  was 
at  the  pericKt  of  seed  time  that  tbe  plague  was  at  its  height; 


'  Hseaer  (II,  137^  estimates  that  tbe  world  tosi  Irani  one-tbltd  to 
ODC-liaH  of  Its  population:  Webster  {t.  13;;,  from  oae-hMlf  to  three- 
lonttliR;  Papon  (I,  104),  (onr-fiftbi.  AKsiiiit  Hcckcr'«  cstiinate  ol 
60,000,000  for  tb«  whole  world,  Anglml*  (p.  43})  makes  Itorcr  75,ooo,> 
000.  AcOMding  to  Giblion  it  sliould  liare  liceti  eves  ([renter,  fur  the 
world'*  loa*  dnrint[  •  \c*t  severe  acourite  (Ihc  lutljninn  plague)  waa 
100,000,000,  he  catlmalc*  (V.  503).  But  ctcd  [f  it  be  Kr*Qted  that 
these  estimates  are  far  too  i^reat  jt  does  not  Interfere  with  oar  pnr- 
poac;  indeed,  if  tbe  fi^rc*  arc  cxaggtrntcd  it  i>  dac  to  the  trctnendona 
•fleet  of  tbe  peatJIniec  011  people'*  minitii;  moreover,  tlic  belief  la  Its 
great  deitrnctiTcnesa  wonlil.  ercn  If  false,  prodnce  some  of  the  effects 
which  wc  ihall  meet  with  later. 
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they  who  itowtd  the  seed  were  not  the  same  that  plowed  the 
fields;  they  who  sowed  lived  not  to  reap  the  harvest." 

These  details  concernini;  the  plague  will,  it  is  hoped,  pre* 
pare  the  way  for  a  better  uDdemtRsdiDg  of  what  is  to  follow. 

As  great  a.s  were  the  ph)*slcal  effects  of  the  pU^e,  they 
were  even  greater,  if  possible,  in  the  field  of  morals.*  It  is 
true,  there  were  some  cases  of  praiseworthy  actions,  splendid 
cxamptes  of  devotion  to  duty,  of  heroism  and  self-sacrifice. 

In  Liibecic,  while  the  Black  Death  was  ragiug,  people 
brought  their  gold  aud  other  %-aItubIes  to  the  cloister  to  give 
to  the  church;  finding  the  doors  shot  against  all  comers — to 
prevent,  if  possible,  the  entrance  of  the  plague — they  threw 
their  goods  over  the  walls  (44:  II,  149:  49:  24);  many  left 
their  property  to  the  church  by  will  (97;  607),  This,  how- 
ever, IS  not  iilcely  to  appeal  to  one  as  an  example  of  very 
great  sacrifice,  for  with  death  at  the  door,  men  arc  not  sup- 
posed to  cliuR  tenaciously  to  their  nxirldly  possessions.  The 
sisters  of  charity  in  Pari.t  a.%toni.shcd  all  by  their  fearless  and 
devoted  attention  to  the  sick  when  more  thau  five  hundred  s 
duy  were  dying  at  the  Hotel-Dieii;  a^ain  and  a^ain  (Iieir  ranks 
were  decimated  by  the  plngnc.  but  volunteers  were  always 
ready  to  take  the  place  of  those  who  1611(49:25:40  :4s). 
Monks  and  physicians,  gcrtcrally  but  not  always,  lost  sight  of 
self  in  ministering  to  others;  even  these  deserted  their  post 
when  the  Black  Death  was  at  its  height  in  Florence  (40  :  13, 
85.44,  47;  Boccaccio.  latr..  30:53). 

GaM(net  tnentious  the  fact  that  morals  even  improved  in 
some  places.  At  Tournay,  Fiance,  where  very  rigid  laws  were 
made  so  as  to  .ihut  off  as  much  of  evil  influence  as  possible,  the 
practice  of  swearing  diminished,  and  dice  were  made  into  beads 
or  "rouud  objects  on  which  people  told  their  Pater  Noslers," 
according  to  Li  Muisis,  Bishop  of  St.  Martin's,  in  that  city 
(40:52).  But  he  recognizes  the  demoralizing  influence  of  the 
plague:  "Instead  of  turning  men  to  God,  it  turned  them  to 
despair  in  all  parts  of  the  world.  Writers  of  all  nationaltties 
describe  the  same  dissoluteness  of  manners  consequent  upon 
the  eptdeuiic. "  (4o:Intr.  xvii).  He  further  adds  this  from 
the  conlinuatoT  of  William  of  Nangis:  "People  were  aflcrivardi 
more  avaricious  aud  grasping,  even  when  they  possessed  more 
of  this  world's  goods  than  before.  They  were  more  co\-etous, 
vexing  themselves  with  cootcDtioos,  quarrels  and  lawsuits. 

'Other  peitilenccs  bcaide*  (ba  plsgne,  In  tact,  gmt  caUmitkaof 
all  kinds,  nficct  loorals;  bat  as  the  plasar  i«,  bj  far,  the  Ixst  single 
cxample.il — and  narticDlnrly  tlint  fortn  of  it  known  u  tlie  Black 
Death — baa  been  cooacn  (or  special  eoti«lt!«rRtloD  bere.  and  other  pea> 
tilencM,  famin««,  cataatropbe*,  «tc,.  will  be  noticed  only  IneideotaUy. 


II 


COWBN: 


Chsrity  grew  cold,  wickedness  with  its  attendant  ignorance  was 
nimpatit,  and  few  were  found  who  could  or  would  leach  cbil- 
dren  the  nidtments  of  grammar  in  houses,  cities  or  villages"  fl 
{Aei:Ak\.      ManTYini.  alvn.  nHniil<i/n    ccij'l  thai  th(>T«>  «ra«  cnvwl  ^1 
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{40 :  48).  Manzoni,  aLso,  admits  (p.  594)  that  there  was  good 
along  with  the  had:  "There  are  some  remarkable  cases  of  vir* 
tue  in  |>ubltc  calamities,  and  in  any  long  continued  disturbance 
of  settled  habits,  but  an  augmentation  of  crime  is  far  more 
general.  In  this  case  [in  Milan]  the  villains  whom  the  pesti- 
lence spared  and  did  not  terrify,  found  in  the  common  confusion 
and  in  the  relnxntion  of  public  authority,  a  new  opportunity 
of  activity,  togeiher  with  new  as.'iurances  of  impunity."  The 
vast  majority,  howe\-er,  look  wholly  on  the  dark  side  and  agree 
that  there  was  an  uustrioging  of  the  consciences  of  the  sur- 
vivors, which  resulted  in  »  lamentable  outbreak  of  profligacy. 
In  giving  their  opinion,  I  shall,  in  the  main,  let  them  spealt  ^ 
for  themscU'es.  ■ 

To  begin  with,  I  shall  quote  from  Boccaccio  (Intr.  to  De- 
Cameron)  in  regard  to  the  plague  in  Florence;  "When  the  evil 
had  become  universal,  alt  human  feeling  seemed  to  be  gone; 
people  fled  from  the  sick  to  save  themselves.  Others  shut 
Ihcraselves  in,  living  aloof  from  others  No  news  of  affairs 
outside  was  permitted.  They  spent  their  time  in  mustc,  sing- 
ing and  other  pastimes,  but  did  not  go  to  excess.  Some  con-  fl 
»dered  eating  and  drinking  to  excess,  amusements  of  all  kinds,  " 
the  indulgence  of  every  gratification,  and  indifference  to  what 
was  passing  around  them,  as  the  best  medicine,  and  they  acted 
accordingly.  They  wandered  day  nnd  night  from  one  tavern 
to  another,  and  feasted  without  moderation  or  bounds.  They 
abandoned  home  and  all  pioperly  like  men  whose  death-knell 
had  already  tolled.  Amid  the  general  lamentation  and  woe 
the  influence  and  authority  of  every  law,  humau  and  divine, 
vanished,  nnd  every  one  acted  as  he  pleased," 

Hcckcr  (p.  49)  puts  it  even  more  strongly,  in  these  words: 
"Compassion,  courage  and  the  nobler  feelings  were  found  in 
but  few,  while  cowardice,  selfishness  and  iil-will.  with  the 
baser  passions  in  their  train,  asserted  their  supremacy.  In 
place  of  virtue,  which  had  been  driven  from  the  earth,  wicked- 
ness e^-crywherc  reared  its  rebellious  standard,  and  succeeding 
generations  were  consigned  to  her  baleful  tyranny." 

Tytler  (pp.  3-4)  speaks  of  moral  degeneration,  desertion  of 
children  by  parents,  and  desertion  of  parents  by  children,  of 
stealing  and  murder,  and  ilie  cruel  mode  of  preventing  or  pnn- 
ishing  these  (as  by  breaking  on  the  wheel  of  torture)  and  also 
of  the  sick  and  suspects  being  kitted,' — all  ol  which  indicate 
the  tremendous  efiircts  of  the  plague. 

'  Dr.  Cr«if;1itoii  (pp.  491  f.),  quotes  Jobi)  Davies  us  authorltf  for  the 
stst«ment  that  a  pcT*on  was  ilrownea  (.by  order  of  Sir  Hcrtwrt  Ciofi, 
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Assalini,  who  lived  in  the  Levant  during  a  scourge  of  the 
plague,  agrees  with  the  others  when  he  says  (p.  89)  that  "Our 
sick  are  separated  from  the  rest  of  the  family,  and  n^ndoned 
to  their  uufoituuate  lot.  the  mother  even  refu&ing  to  carry 
ostixtance  to  her  own  son  itiiring  the  agonies  of  death,  iml  the 
husband  not  daring  to  appioacb  the  dearest  object  of  his  affcc- 
tlon.t,  who  retjuesis  frots  him  a  drop  of  water,  in  a  voice  the 
mo^t  tender  mid  supplicating." 

Gabriel  d«  MuKsis  (30:  53),  who  was  a  notary  in  Genoa 
when  the  Black  Death  reached  there  from  Cafta,'  describes 
scenes  in  bis  city  exactly  like  those  witoeaeed  by  Assalini  in 
the  1^%-ant. 

In  speaking  of  the  awful  calamity  that  befell  Muscovy,  la 
1603.  when  the  plague  and  the  famine  combined  claimed  500,- 
000  victims.  Xoah  Webster  uses  this  language:  "Parents  de- 
voured their  dying  children;  cats,  rats  and  every  unclean 
tblng  was  used  to  sustain  life.  Alt  ties  of  DSttire  and  morality 
were  disregarded;  human  flesh  was  expoHed  for  sale  in  the 
open  market.  The  more  powerful  scirxd  their  neighbors; 
fathers  and  mother;!,  their  children;  husbands,  their  wive*, 
and  offered  them  for  sate"{><o:I,  171-3;  r/.  6S :  II,  187-9; 
106  :  48-9;  49 ;  30).  These  effects  were  probably  due  as  much 
to  the  famine  as  to  the  plague;  in  general,  it  may  be  said  that 
famine  has  quite  as  demoralising  and  "denonnalizing"  an  effect 
as  the  plague.  According  to  Dr.  Creigbton  (103*  :  II,  161) 
the  se%'ere  famine  in  Hnglnnd  in  the  early  part  of  the  fourteenlb 
century  not  only  caused  people  to  eat  the  flesh  of  dogs  and 
horses,  but  caused  the  inmates  of  jails  (prisons  were  full  of 
[heives)  to  fall  on  and  devour  any  new  arrival  who  had  flesh 
cootigh  to  tempt  ihem.  Michaud.  in  hi.s  'History  of  the 
Crttsadfis,"  in  speaking  of  a  famine  in  Egypt  in  the  thirteenth 
century,  says  {11.  187)  that  famine  rendered  every  man  an 
enemy  of  his  fellows,  and  made  him  insensible  to  pity,  shame 
and  remorse.  In  the  &ame  connection  (p.  186),  be  says  that 
this  terrible  pair  (plague  and  famine)  not  onlycau-^ed  mothers 
to  devour  their  children,  but  caused  j>eoplc  "to  dispute  with 
worms  the  right  to  the  spoils  of  coffins."  He  also  adds  that 
(amine  and  voluptuousness  formed  a  hideous  union;  that  all 
the  vices  of  the  infamous  Babylon  prevailed ;  that  impure  love, 

aat  of  tlie  coDoci)  of  the  H&iche*  of  Walei)  in  ariler  to  prevent  liitcc- 
lioa;  Papon  (I,  179)  i;iv««  a  case  of  hurymg  nHTtt;  Guqoet  (p.  1^) 
•peak>  of  tbe  saiuei  in  fact,  many  othera  could  be  given  who  agree 
with  theic. 

'Dc  Mu«*{«  wm  Ion);  bcHnTcd  to  have  tpcnl  the  two  or  three  jcats 
preceding  the  Itlnck  I>(Hth  lo  Cnff*.  rimI  to  have  bevn  in  that  city  dnr- 
iBft  the  *iege.  but  recent  inveitigaiion  ihoir*  no  bi«ak  iu  hfs  records 
■■  notary  in  Genoa  till  many  jearc  after  llic  plBguc. 
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tinbouiided  paitsion  for  play,  witb  all  excesses  of  debaucli,  were 
mingled  witb  images  of  death; — and  this  among  the  crusaders 
themselves.  Modern  instances  are  cited  by  Mr.  J.  E-  Scott 
and  Mr.  Julian  Hawthorne,  both  of  whom  have  recently  seen 
the  cotnbiDcd  cfFccts  of  plague  asd  famine  in  India.  The 
former  saw  a  mother  and  her  starving  infant  cruelly  robbed 
of  money  which  he  had  jnst  given  her.  The  Utter  speaks  of 
cases  in  which  even  the  tnateniat  instinct  was  annihilated; 
children  were  roblxrd  of  food  and  left  to  Mnrve  even  by  their 
own  mothers  (48  :  380), 

According  to  Gibbon  (III.  3o6)  the  effects  of  violent  eartfa- 
qtiakesare  the  same:  "Instead  of  the  mutual  sympathy  which 
might  comfort  and  assist  the  distressed,  they  dreadfully  expe- 
rience the  vices  and  pas-tions  which  are  released  from  fear  of 
punishment;  the  houses  arc  pillaged  by  intrepid  avarice,  re- 
venge embraces  the  moment  and  selects  the  victim;  while 
vengeance  frequently  overtakes  the  assassin  or  ravbbcr  io  the 
consummation  of  his  crime." 

Mexaray  ((]uoted  by  I'apun,  I.  laj)  says  that  war  needs  to 
be  classed  with  the  plague:  "At  all  times  it  was  a  strange 
thing  that  neither  the  scourge  of  war  nor  that  of  the  pest  is 
able  to  correct  our  nation.  The  dances,  the  pomps,  the  games 
and  the  tourneys  continued  always;  the  French  danced,  so  to 
speak,  on  the  graves  of  their  parents;  they  seemed  to  testify  of 
their  rejoicing  over  the  conflagration  of  their  house  and  of  the 
death  of  their  friends." 

Rcturuing  to  the  Black  Death,  Villaoi  says  that  amoog 
the  effects  on  the  survivors  of  the  plague  in  Florence  may 
be  mentioned  idleness,  dissolute  morals,  sins  of  gluttony, 
banquets  in  taverns,  unbridled  luxury,  fickleness  in  dress, 
and  constant  change  according  to  whim.  He  also  says 
that  ChrUtiao  parents  deserted  their  children  in  a  way  that 
might  perhaps  be  expected  of  infidels  and  savages. 

In  speaking  of  the  Jnslinian  plague.  Procopius  says  that 
whether  by  chance  or  providential  design,  it  strictly  spared 
ibe  most  wicked.  This  statement  is  important  in  that  it 
shows  the  general  state  of  morality,  but  it  is  false  in  so  far 
as  it  intimates  that  the  wicked  who  were  spared  constituted 
the  wicketl  half  of  mankind  before  the  plague,  and  that  the 
good  half  died;  i.  e..  this  view  overlooks  the  part  played  by 
the  plagne  in  bringing  about  the  bad  moral  couditiou  spoken 
of.  Another  writer  speaks  of  it  as  being  "a  well  ascertained 
fact,  strange  though  it  may  seem,  that  men  are  not  made  bet- 
ter by  great  and  universal  visitations  of  Divine  Providence.  It 
\aa  been  noticed  that  this  is  the  evident  result  of  all  such 
KOnrges.  From  Italy  to  England,  it  seemed  to  rouse 
worst  passions  of  the  human  heart,  and  to  dull  the  spiritnal 
sense  of  the  soul"  (40:216). 
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WKddiag,  the  Franciscan  annalist,  says:  "This  evil  wrought 
great  dcMrtictlou  to  the  holy  houwH  of  religion,  .  .  .  Prom 
this  time  on,  the  monastic  order  bej^o  to  grow  tepid  and  neg- 
ligent both  in  that  piety  and  teaming  iu  which  they  had  up  to 
that  time  fioarisbed"  (40:316).  Dr,  Cumiitigham  (I.  375) 
adds  that  the  whole  social  structure  was  disorganized.  Tour- 
uay,  was  not  alone  in  having  unmarried  men  and  women  live 
together  as  man  and  wife.  So  flagrant  did  this  prscltcc  t)c- 
come  in  one  or  two  places  where  the  moral  deniie  was  not 
wholly  loa,  special  laws  were  passed  to  prevent  it  (40:51). 
Langland,  whose  "Piers  Plowman"  was  intended  to  correct 
the  wickedues-t  which  followed  the  Black  Death  in  Hngiand, 
speaks  of  this  same  species  of  immorality  in  bis  conntry. 

Wc  learn  from  Thucydides  (III.  53),  that  the  calamity  was 
such  at  Athens  that  men  grew  cecklmsof  all  law.  human  and 
divine,  for  no  punishment  was  feared;  no  fear  of  God  or  law 
of  man  deterred  a  criminal.  The  pleasure  of  the  moment  took 
the  place  of  honor  and  expediency.  Men  resolved  to  enjoy 
tbemaeivcs  while  they  lived;  they  were  bold  in  their  indul- 
gence in  crime;  and,  as  wc  might  ext)ect.  wone  forms  of  law- 
lessncss  were  introduced  into  Athens  than  had  been  known 
there  before. 

Papon  (1,357)  <^^^  the  following  langnage:  "Who  would 
think  that  in  the  midst  of  horrors,  !to  suitable,  it  would  seem, 
for  extingnishing  the  passions,  there  should  be  found  two  pa.s- 
sions  which  should  be  carried  to  so  high  a  degree, — libertinism 
and  greed.  I.ilwrtinisra.  aroused  by  the  frequent  occasions  of 
satisfying  it.  fed  itself  by  the  excess  which  I  am  ashamed  to 
describe."  The  streets  ^vere  often  the  scene  of  the  most  re- 
volting indecency  and  wickedness.  Indeed  it  i»  »«id  that 
pedestrians  sometimes  found  it  diERcull  to  walk  the  streets  at 
night  in  some  citiett,  for,  aside  from  the  ob:iti'uctlon  offered  by 
the  corpses  scattered  here  and  there,  the  street  was  tucd  for 
unholy  purposes  by  shameless  libertines.' 

Dr.  P.  Rux»e1,  wlio  studied  the  effects  of  the  plagne  at  first 
band  in  Italy,  says  (I,  311)  this  in  regard  to  Geaoa;  "Amid 
so  many  dreadful  fear$  and  terrors,  amid  so  many  fetid  and 
putrefying  bodies,  amid  the  shrieks,  the  sighs  and  the  groans 
of  the  stds,  what  would  you  have  expected?  That  people 
struck  with  dread  and  horror  would  remain  sad,  modest  and 
quiet.  Bat  not  so.  They  sang,  played  on  inslniments, 
dattced : — Genoa  was  never  seen  so  shameless  and  disorderly. 

If  am  lnlorm«d  by  cye-wltueaM«  tbat  sc«ti««  like  tbi*  occurred  in 
GaWvston  during  the  flood  in  1900,  aod  tbut  hi>ld-ui>*  and  robbvc7 
were  to  common,  ao  darlDg,  atid  ao  openly  cnfiagcA  tn.  it  became  ae- 
CfMiry  (or  Ibe  guards  to  sboot  dowa  the  offeixtcra.  One  of  NcTada'a 
nlalsg  towns  wat  baring  a  similar  experience  when  the  above  na* 
m^ttea. 


OOWRK: 

....  There  was  gathered  a  vintage  for  the  laEcivionsness. 
Han^r  marriages  were  celebrated  in  the  lazarettos  ;  and  many 
women,  without  shedding  a  tear  for  their  hti.sbaiid!i,  immedi- 
ately entered  into  new  engagements.*  One  day  in  particular 
five  marriages  were  performed — four  of  the  bridegrooms  being 
buriersof  the  dead,  dressed  iu  the  clothes  stripped  from  the 
bodies  of  the  deceased."  And  in  regard  to  Messina  at  a  later 
date,  he  quotes  an  Italian  authority:  "  It  has  always  been  ob- 
served ihiit  after  every  plague,  those  who  recoi-cr  arc  addicted 
in  an  extraordinarj*  degree  to  lewdness  and  incontinence ; — 
this  was  surprisingly  visible  at  Messina,  and  wag  carried  to 
such  a  degree  of  frenzy  that  many  were  known  to  violate  the 
dead  bodies  of  virgins"  (he.  at.). 

Bnlwer  is  not  far  wrong  in  saying  that  "  the  fiery  pesliicnce 
was  like  a  demon  loosed  from  the  abyss,  to  shiver  into  atotna 
■11  that  binds  the  world  to  virtue  and  to  law." 

The  following  extract  from  Haescr  (II,  t44f.).  will  show 
the  opinion  of  a  modern  German  writer  who  is  the  author  of 
an  exhaustive  history  of  medicttie.  and  who  has,  therefore. 
tboTougbty  canvassed  the  whole  field,  and  sifted  all  the  evidence: 
"A  view  of  the  moral  condition  is  most  depres.siug.  It  sliows 
that  even  the  greatest  misfortune  cannot  turn  the  mind  of 
men  from  the  nothingness  of  the  earthly,  and  fill  it  with  the 
conception  of  a  higher  destiny.  The  los-s  in  the  moral  realm 
was  even  greater  than  in  the  physical.  Hardly  had  the  terror 
of  the  Black  Death  swept  over  the  people  before  all  their  lower 
passions  broke  forth  more  unbridled;  and  the  more  easily 
coutd  they  be  satisfied  through  the  rich  inheritance  of  the  too 
soon  forgotten  offering  of  the  contagion.  It  seemed  that  the 
fearful  proximity  of  death  had  only  heightened  their  enjoy- 
iDcnt   and    pleasure   iu   life.      The  meanest  sordidtiess   took 

possesion  of  men Crime  exalted  its  head  above 

sbame,  for  no  man  was  there  to  take  the  laws  iu  hand.  Theft 
and  robber>'  took  the  upper  hand,  and  even  the  evident  danger 
of  death  did  not  frighten  the  unbridled  gain-seeker  away  from 
taking  possession  of  the  unguarded  property  of  the  dead. 
Even  the  ^urcb  was  guilty  here  and  there."  From  the  testi- 
mony of  ell  these  authors  who  have  brought  forward  thia 
array  of  facts  in  regard  to  the  prevailing  indifference,  levity, 
frivolity  and  crime,  accompanying  pestilences,  one  is  ready  to 
OODClude  that  there  was  an  almost  universal  adoption  of  the 
fool's  motto,  "Hat,  drink  and  be  merry,  for  to-morrow  yon 
may  die." 

'PapOB  (I.  314)  ■ays  ttiHl  women  were  morncil  withio  twenty-four 
boon  (rOBi  Itic  ileatti  of  tbeir  huRbanda;  Ibat  »onietlmt*  thejr  mar- 
ried four  or  6ve  limea  in  clo«e  (itccenioD, — Ihey  ieemed  to  have  a 
penebsBt  for  matrJiaoay. 
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The  stHking  similarity  in  these  different  accounts  is  really 
the  best  proof  of  their  triisl worthiness.  When  simple  naoalists 
of  remote  cloisters.  bti»incss-like  or  courtly  chroniclers  of  im- 
portant cities,  poets  and  Ittlera/eurs  like  Boccaccio  and  Petrarch, 
physicians  like  de  Chualiac  and  Covino,  and  writers  who  arc 
entitled  to  rank  as  historians,  all  show  such  similarity  of  ex- 
pression, it  is  only  becanse,  as  Gasquet  says  (p.  i6),  "  the 
same  ideas,  the  same  words  suggest  themselves  involuntarily 
to  one  and  all;  and  it  is  only  when  we  come  to  examine  the 
whole  body  of  evidence  that  there  1.4  borne  in  npon  the  mind  a 
rcali/.ation  of  the  nature  of  a  calamity  which,  spreading  every- 
where, was  everywhere  the  same  iu  its  horrors,  becomlog  thus 
nothing  leas  than  .1  world-wide  tragedy,  and  it  is  seen  that 
even  the  phrases  of  the  rhetorician  can  do  no  more  than  rise 
to  the  terrible  reality  of  fact." 

Any  account  of  the  Black'Death  which  aims  to  present  the 
facts  which  are  interesting  from  the  psychological  point  of 
view,  would  be  incomplete  if  it  omitlc<l  certain  of  the  super- 
stitions connected  more  or  less  directly  with  the  plague.  The 
superstition  wbich  involved  the  Jews  is  one  of  these,  and  one, 
too,  which,  because  of  its  consequence,  should  be  given  in  coo* 
nection  with  the  fucts  which  have  just  been  described. 

It  was  generally  believed  that  the  plague  was  disseminated 
by  means  of  poisonous  powders  or  unction.s.  and  the  popular 
hatred  of  the  Jews  led  to  the  accusation  of  that  people.  They 
were  supposed  to  have  manufactured  a  poison  from  spiders, 
loads,  MIS  and  owls ' — somewhat  like  that  the  witches  brewed 
in  Macbeth — and  to  have  put  it  into  wells  and  springs.  The 
panic  which  this  belief  caused,  is  said  to  have  w;i}:c<i  all  na> 
tion.<;  in  Germany  it  was  especially  great,  and  resulted  in  the 
wells  and  springs  being  built  over  so  as  to  make  it  tmpoMible 
for  the  water  to  be  tl^ed.  Thus  whole  towns  were  forced  to 
use  river  water  or  rain  water  as  long  as  the  craze  lasted 
(49:42)- 

The  feeling  against  the  Jews  for  this  snpposcd  poisoning  be- 
came very  intense,  and  showed  to  what  extent  even  sensible 
people  can  be  carried  by  a  popular  wave  of  Irrational  excite- 
ment. Germany  seems  to  have  been  the  scene  of  the  most 
diabolical  treatment  of  these  people,  though  there  were  few 
places  where  they  were  not  regarded  as  outlaws,  and  either 
banished  or  burned  (97:11.  608).  All  classes  bound  themselves 
by  an  oath  to  extirpate  the  J«vs  by  fire  and  sword  (49:42). 
In  Basle,  the  populace  forced  the  burgomasters  and  senators  to 
bind  themselves  by  an  oath  to  burn  all  Jews  then  in  the  city, 

>Q<.  Heck«,4o;  Gniqnet,4il  Hacs«r,  II,  156. 
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aad  to  forbid  any  of  that  nalionality  from  entering  it  for  the 
space  of  two  hundred  years.  So  without  aeiitenc«  or  triiil.  stl 
the  Jews  jn  Basle  were  collected  into  a  wooden  building  aud 
bnnil  togclber  with  it  (/of.  dl.).  Shortly  after,  the  same  thing; 
hapi>encd  nt  Freytmrg.  and  Beanefeld  in  Alsace  {lac.  cil. ) .  At 
Spires  the  Jews  assembled  in  their  own  dwellings  and  set  fire 
to  them,  and  thus  consumed  themselves  and  families,  preferring 
to  die  by  their  own  hands  rather  than  furnbh  a  holiday  for  this 
savage  multitude.  The  senate  reserved  to  itself  the  right  to 
search  for  treasure  in  the  ruins.  Many  Jews  were  murdered  in 
the  streets  and  their  bodies  put  into  empty  wine  casks  and 
rolled  into  the  Rhine  (49:43).  When  these  wild  passions  were 
linked  with  religions  fanaticism,  such  as  we  shall  sec  later  in 
the  Flagellants,  we  find  the  most  damnable  practices.  Some 
thought  they  could  ap]>ease  the  wrath  of  an  offended  God  bjr 
converting  the  Jews,  and  they  set  about  the  task  with  a  zeal 
that  knew  no  bounds.  The  Mohammedans  could  never  ba*^ 
been  more  radical,  unreasonable  or  cruel  tbein  these  so-called 
Christtaos.  At  the  point  of  the  sword  many  Jews  pietended  Ua 
be  converted,  but  later,  some  of  them,  preferring  death  to  a 
living  lie,  slew  themselves.  Finally  there  arose  a  desire — a 
zeal,  on  the  part  of  the  Jews,  to  die  as  manyrs  (49:44}, — 
a  fact  that  is  interesting  from  our  point  of  view.  At  Kslingeo, 
the  whole  Jewish  community  shut  themselves  up  in  their  syna- 
gogue, and  set  fire  to  it  (44:11,  157),  At  Mayence.  a  coaSict: 
between  the  Jews  and  a  body  of  religious  fanatics  (of  whom  we 
shall  learn  presently)  resulted  in  the  death  of  twelve  hundred 
Jews,  most  of  whom  burned  themselves  in  their  own  bouses 
(49:44:  44:11,  157).  The  same  thing  took  place  at  Munich, 
Constance,  Ulm,  Augsbui^  and  other  places  (1:433;  44:11. 
157)-  When  the  Jews  were  burned  for  rejecting  Christianity, 
it  was  not  unusual  for  a  mother  to  throw  her  infant  into  the 
flames,  rather  than  see  it  baptized,  and  then  leap  in  after  it 

(49:44;  44:".  158). 

Thus  on  both  sides  we  see  what  may  be  called  mental  aber 
ration,  on  a  scale  never  seen  before  or  since,  in  the  history  of 
the  world.  But  it  would  be  unjust  to  those  times  not  to  men-. 
tion  the  fact  that  there  was  some  humanitarian  spirit  left,  es- 
pecially, it  woold  seem,  among  those  in  authority.  The  depu- 
ties of  Stra-tburg  voted  against  the  punishment  of  the  Jews,  ia 
the  convention  at  Bennefeld.  Pope  Clement  VI,  protected  the 
Jews  at  Avignon,  and  admonished  Christians  everywhere  to 
quit  snch  groundless  persecutions, — but  ell  in  vain.  Emperor 
Charles  IV  did  what  he  dared,  to  protect  them,  but  he  could 
not  prevent  the  Bohemian  nobles  from  releasing  themselves 
from  their  Jewish  creditors;  in  some  places  the  authoritieseven 
forced  the  Jews  to  return  the  bonds  they  held  against  others 
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(49:45;  44:11,  159).  The  Dulce  of  AuAtrta  pillaged  and 
burned  many  uf  bis  own  cittcft  that  had  Ihx'ii  guilty  of  perse* 
cutiag  the  Jews  {49:  45), — but  this  was  a  stianse  way  to 
»how  a  humanitarian  spirit;  probably  it  furnished  him  a  pre- 
text to  gather  wraith  fbr  himself.  Notwithstanding  the  good 
intentions  manifested  in  their  behalf,  the  Jews  could  have  but 
little  aibiurnnce  of  Mifety  except  in  distant  parts  of  Europe; 
thus  Lithuania  became  for  the  second  time  a  place  of  refuge  for 
(hem  (49:  46;  58:  1929). 

Before  leaving  the  Jews  we  should  notice  one  thing  particu- 
larly, i.  e.,  that  confessions  were  wade  by  many  who  were  in- 
nocent.' Similar  confessions  have  uften  been  extorted  from 
witches,  or  even  made  by  them  voluntarily,  and  that,  too, 
when  escape  from  puni»>hment  could  not  be  hoped  for  as  a  re- 
sult of  confcMion.  The  same  thing  is  met  again  in  lycan- 
throphy;  and.  indeed,  as  has  been  remarked,  it  is  nuiisual  for 
very  many  to  believe  for  any  length  of  time  that  something  ex- 
traordinary is  being  done  without  some  one  coming  fonvard 
who  believes  himself  guilty. 

Another  superstiiiou  which  brought  serious  results  in  an  en- 
tirely different  way,  was  the  belief  that  a  religious  procession ' 
would  be  the  means  of  staying  the  plague,  %vhereas  no  more 
efficacious  means  could  p<Ksibly  be  devised  for  its  spread,  lit 
Milan.  Avignon,  uiid  practically  all  the  citien  from  Italy  10 
England,  elaborate  and  quite  spectacular  processions,  in  which 
thousands  took  part,  were  of  common  occurrence  during  the 
Black  Death,  and  other  vi.tits  of  the  plague;  indeed,  the  cus- 
tom did  not  cad  with  the  Middle  Ages, — it  is  practiced  to-day 
in  India,  and  the  Philippine  Island.^,  and  prutnably  in  other 
plaee«.  At  Oberammergau.  the  people  resorted  not  to  a  reli- 
gions processiou  but  to  a  religious  play , — they  made  a  vow  that 
if  Cod  would  stay  the  pestilence,  they  would  honor  Him  by 

'The  confewion  of  a  nnmberof  Jews  at  Chjllon.  September,  1348, 
caaMcl  the  peraeculioa  o(  their  race  to  t>t  miicli  greater  than  it  wonid 
probably  bare  been.  Koolgsborca  bas  prestrvcd  llic  original  pro- 
ceedinga  of  this  trial,  extracts  o(  whick  arc  given  in  tite  appenilix  to 
Heckcr. 

■The  aiuplictty  an'l  «ii:>eT*titloa  of  even  the  biKher  c1um«  a*  lata 
as  1473  is  welt  •bown  by  the  fact  recotdc)  by  Ryoberg  (90:361)  that 
the  bUhop  of  Laiiuaue  inmieil  n  letter  of  excoumualcation  to  the  in- 
•ects  which  were  tafe»liiii5  parts  of  Switierland,  The  letter  bcK"tl 
thus;  "Tbon  inational  creature,  thou  May-huK,  thou  nrbow  kind  ws« 
ncTcr  InclOM^I  in  Koah't  ark:  in  the  onme  of  the  Bishop  of  t>aDs«aiic, 
by  the  power  of  the  ((lorilicd  THulty  IhrouKh  the  tnerita  of  Jctus 
Christ,  and  by  the  obedience  you  owe  the  Iloty  Church.  I  command 
yoa  to  depart  fron  all  pla«ca  where  nourish tiK'at  (or  man  and  cattle 
germinate*  and  ^ows."  They  were,  inoreorer.  summoned  to  trial 
and  an  attorner  duly  appointed  to  defend  them,  the  aumiiioa*  being 
•otcmnly  read  by  a  pricat  id  the  churchyard  at  Berne  {l<>c.  cil.f. 
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producing:  this  play  once  every  ten  years  forever, — and  so 
have  bad  the  Passion  Play  tliroufcli  all  the  succeeding  oenlurii 

Not  only  is  it  believed  that  the  plague  was  spread  and  the 
monalily  increased  by  supeT^itiiioDs  that  led  to  procesiUotu, 
and  by  >npersiit(ons  such  ;i.s  tho^e  that  prevail  in  India  to-day, 
and  thwart  every  effort  of  the  Eagliih  govcmment  to  stamp 
out  the  plague;  it  is  couftdeutly  believed  that  the  popular  Htate 
of  mind  had  a  direct  effect  on  the  dcatb-IiM.  In  the  inlroduc- 
tiou  to  the  Decameiou,  Boccaccio,  recognizing  the  principle 
that  "pleasant  thoughts  are  tlie  best  preventive."  represents  a 
group  of  persons  as  n-ithdrawiug  to  a  quiet  place  in  the  coun- 
tr>',  and  giving  themtielve!!  up  wholly  to  pleasure.  All  inno- 
cent sports  and  amusements  were  sought,  but  no  one  was 
permitted,  under  any  circumsiauccs.  to  bring  any  bed  twws, 
or  mention  anything  of  an  unpleasant  nature.  The  duty  of 
devising  new  plans  for  passing  ihc  time  pleasantly  fell,  each 
day,  to  a  "(jueeu"  appointed  for  that  special  purpose.  StOT>'- 
telling  was  suggested  by  one,— anil  the  Decameron  was  the  re- 
sult. Bulwer,  following  Boccaccio,  has  a  crowd  of  pleasure 
seekers  in  his  "Rienti."  And  this  was  not  merely  anuvelist's 
fancy — there  was  an  historical  basis  for  what  both  writers  do. 
Pleasure  parties  were  actually  oiganlEed.  About  the  time  the 
I'lagcllants  were  so  active  companips  were  organized,  or  rath- 
er the  members  came  together  without  any  organization,  and 
marched  from  city  to  city,  engaging  in  the  wildest  revels.  As  , 
bad  as  these  people  were,  they  were  often  taken  for  the  Flagel-  ■ 
lant.s  (who,  as  we  shall  see,  were  au  avowedly  rcliitions  body),  S 
so  much  ahke  were  their  nocturnal  detiauches.  There  were 
some,  who.  avoiding  this  excess,  chose  a  middle  cour»,  and 
followed  literally  AssiUni's  advice  (p.  93):  "Banish  metan*  ■ 
cboly  and  fear,  live  well,  and  avoid  all  excess:  if  you  read,  " 
choose  amusing  books, — not  those  that  treat  of  the  plagoe." 
This  calls  to  mind  the  law  passed  in  some  cities,  forbidding 
the  publication  of  the  death  list  because  of  the  depressing  effect 
on  the  sick;  and  also  the  law  against  funeral  bella,  for  the  J 
same  reason,  at  Tuumay.  Florence  and  other  places  (40:52;  f 
49:26).  Papon  believed  in  the  power  of  the  mind  over  die 
body,  for  in  various  places  he  expresses  the  opinion  thai  "the 


'  The  faiitory  of  the  "MarJenlied"  U  recalled  in  tfai*  conncctioii. 
When  GoldhcrK.Cermaay,  wanappArcntly  bereft  of  all  itKinhnbltflnts, 
one  nxtu  came  forth  from  his  hiding  i>l*cv.  Mud  licllcvinK  hlmwelf  (o 
be  the  only  one  spared  bpj^ao  to  siti^  the  faniuus  song.  A  respoavive 
voice  from  a  iicnr-hy  home  rcvcnied  n  sccoiiil  vurviTor;  tOKcther  tta« 
two  niotcliirii  ilitoitKli  llifMrreinif  tbi- drad  city  alriKirg,  and  ireie 

i'otntd  b)' ethers  (ill  Ihcj'  numhcrrd  tvrtnty-five — Mil  that  were  left  alive, 
t  was  Chrisimns  inorninB,  ami  the  hour  was  two  o'clock;  at  the  aaine 
honr  every  Cbriatnia*  morning  •incc  that  time,  the  pcoiilv  have 
marched  thiouKb  the  aticcte  of  that  towu  oiugiug  the  "Markalied." 
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wlidtude.  the  abandon,  the  tack  of  all  things  produced  dis- 
eases without  number"  (73:181,  313).  Thocydidcs  says  that 
"people  wlio  abandoned  tbeinselvea  to  despair  threw  avay  the 
one  chance  of  life"  (III,  47  {.).  All  thiit  bBrmonizes  with 
the  remarlc  of  A&saliai,  Papon  and  others,  that  persons  of 
sangtiine  temperameni  resisted  well  (6:31).  The  influence  of 
the  mind  is  further  shown  in  the  statement  of  Gasquct  (p.  47) 
thiit  sickness  and  death  often  result  from  the  imagination. 
Furthermore,  fear  played  an  important  part  in  augmenting  the 
d«ath  roll,'  so  most  writers  on  the  subject  believe  (49^177;  40: 
11,47).  Dr.  P.  Russel,  during  his  stay  in  Italy,  became 
thoroughly  convinced  that  "Ihe  plague  often  followed  the 
panic  fear  of  it;"  he  believed  that  the  latent  infection  was  ex- 
cited by  terror  (106:362).  Antes  (pp.  44-6)  accounts  for  the 
greater  mortality  among  the  lower  classes  by  their  greater 
Auperstition.  Rivinus  attribntes  the  propagatiou  of  the  plague 
in  Leipzig  to  fear;  Willis  maintains  that  those  who  fear  small- 
pox are  the  first  to  be  attacked;  Chiene  says  it  is  the  same 
with  all  epidemics,  and  Dr.  Rogers  agrees  with  this  when  be 
says  that  fear  has  much  to  do  with  the  spread  of  all  contagious 
di8ea)K-.s  (51:14).  Dr.  Quinlcro,  who  waa  a  hospital  physician 
in  the  Canar>-  Islands,  says  (pp.  14  f.)  that  fear  made  the  cpi< 
demic  of  yellow  fe\'er  much  worse;  he  adils  that  his  imagiua- 
tion  got  such  control  over  him  that  he  showed  the  symptoms 
of  th«  disease,  and  had  to  be  removed  from  the  midst  of  the 
suScrerx.  A  modern  medical  authority.  Dr.  C.  h-  Tuckey. 
writing  on  psycho- therapeutics  (Wood's  Medical  and  Surgical 
Monographs  VIII,  p.  738),  says  there  arc  fenr-bcgotlen 
diseases  of  almost  all  kinds,  among  which  he  specifies  measles, 
cholera,  and  plague.  Sir  P.  A.  Swettentiam.  in  the  preface 
(p.  viii)  to  his  recent  book,  "The  Real  Malay,"  tells  of  a 
medicine  man  selling  "charms"  to  the  natives  to  prevent  the 
epidemic.  To  use  his  own  words.  '  'The  Black  Death  has  a  way 
of  attacking  the  fearful;  but  the  Destroying  Angel  passes  by 
the  door  of  those  who  sleep  in  the  happy  confidence  of  security 
through  the  po««ession  of  a  bit  nf  magic  string,"*  The  com- 
parative immunity  of  the  Mussulmans  (remarked  by  Dr. 
McLean,  who  lived  among  them)  cannot  be  accounted  for  ex- 
oept  on  the  basis  of  the  iaflucno:  of  the  mind  on  the  body; 
their  fatalism,  although  ii  keeps  them  from  all  precaution, 
frets  them  from  fear  and  terror  and  low  spirits,  Personal  in- 
formation from  Profs.  G.  T.  Ladd  and  E.  Wasbburu  Hopkins, 


*De  Foe  Hys  tluit  In  Londoa,  lo  1665,  twenty-three  deaths  were  re- 

erted  *■  C«u»c(l  by  few;  lixteen  in  1666,  and  seven  in  1667— one  ilesth 
iBg  tbe  avfmge  for  ortliiiary  y«Brs. 

*  A  •imitar  exptnnation  utiKtit  be  giv«n  of  tlie  tpnaklicK  of  blood 
on  tbe  liiitel*  Hitd  dixn-jxist*  ituriiit;  tbn  last  of  the  plaguei  of  nK^yft. 
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both  of  whom  have  recently  studied  the  plaRue  at  first-hand 
in  India,  confirms  Wiw  position.  And  not  only  arc  fatalists 
less  likely  to  be  attacked  by  the  plague,  the  same  is  tm«  of 
those  who  for  any  reaiion  consider  thetuseh'es  imniuiic.  »s  in 
the  case  of  the  Patsccs,  who,  according  to  Prof.  Uopkios,  were 
among  the  last  to  take  the  plague,  but  who  died  very  rapidly 
when  they  did  take  it,  for  tb«>-  became  convinced  that  they 
were  not  immuue,  and  natnrally  their  equanimity  gave  way  to 
fear  and  terror.  In  the  palace  at  Versailles  is  a  picture  repre- 
senting Napoleon  visiting  plague  patients  in  a  hospital  in 
Egypt;  and  we  are  told  that  the  great  general  went  among  the 
sick  in  order  to  pro\-e  that  a  strong  will  could  resist  the  di 
scase  (iit:ii6). 

In  brief,  we  have  seen  that  melancholy  and  fear  are  the  two 
ominous  precursors  of  the  pisguc;  wchavcsccn  that  the  consen- 
sus of  opinion,  the  universal  agreement  of  physicians  and  other 
scientific  men  who  have  had  personal  knowledge,  is  that  fear 
prepares  the  way  for  pestilences  and  epidemics  of  all  kinds, 
while  on  the  other  hand,  fatalism  (which  knows  no  fear) 
makes  the  Mobainnicdnns  comparatively  immune,  1 

In  regard  to  this  question  the  position  has  been  taken  that 
we  know  nothing  of  tlie  relation  of  mind  itnd  body,  and  that 
facts  such  as  those  given  here,  although  they  may  prove  the 
coincidence  or  concomitance  of  great  fear  and  great  monality, 
cannot  prove  the  causal  connection  between  mind  and  body 
since  fear  is  probably  a  symptom  rather  than  a  cause. 

The  objections  to  this  criticism  are  (i)  that  it  fails  to  dis- 

firove  the  theory  it  is  aimed  at;  (2)  that  it  is  superficial;  (3> 
t  is  self  contradictory;  and  (4)  it  is  otherwise  unscientific.  U 
fails  to  disprove,  for  it  '\&  certainly  no  simpler  to  assume  that 
fear  is  produced  by  disease  than  to  assume  that  disease  Is 
caused  by  fear.  It  is  superficial  to  assnnte  that  fear  in  those 
who  have  the  plague  is  caused  by  infection  when  the  fear  mani- 
fested by  the  thousands  who  escape  the  disease  must  be  ac- 
connled  for  in  a  wholly  diScrent  way.  A  theory  that  rejects 
the  interaction  of  miud  aud  body  (by  denying  the  causal  power 
of  fear)  contradicts  itself  when  tt  assumes  that  fear  is  a  sj-mp- 
torn  or  effect  of  the  disease.  Such  a  theory  is  further  unscientific 
in  violating  the  law  of  parsimony,  which  forbids  the  adoptkm 
of  a  more  difficult  explanation  when  a  simpler  one  is  possible. 
And  no  other  theory  will  so  simply  and  satisfactorily  account 
for  the  facts  met  with  in  a  study  of  pe^^tilences.  as  will  the 
thcorj'  that  there  is  causal  connection  between  mind  and  body, 
and  that  there  is  a  causal  power  or  force  in  fear. 

II.    The  Flagsi-iants. 
The  history  of  the  Flagellants  is  closely  connected  with  the' 
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history  of  the  plagiie,  as  will  be  remembered  from  their  taking 
part  in  ihc  pcrmrcutioii  of  the  Jcw»,  and  as  will  be  seen  from 
what  follows;  but  as  we  are  going  to  slndy  a  class  of  distinct- 
ively psychical  epidemics,  the  craxe  of  the  FlaK^HAnts  may  be 
included  among  them,  rather  than  as  a  part  of  the  history  of 
the  plague. 

The  Flagellants  were  people  with  avowedly  religious  inten- 
tions, who  sought  to  avert  the  plague  by  doing  penance  them- 
selves, and  by  hritiging  others  to  repentauce.  A  band  of  this 
kind  came  together  in  Hungary  in  i;}49.  white  the  Black  Death 
was  devastating  Europe;  later  they  found  their  way  into  Swit- 
zerland, Germany,  Poland  and  se^'eral  other  oountries  (49 :  34  ff. ; 
44:11,  I52ff.:  97:11.607-8). 

It  is  true,  such  an  order  had  existed  in  the  thirteenth  cen- 
tury; it  first  began  in  Italy  in  1260  and  spread  almost  over  the 
world,  during  tbat  year  and  the  next  (49:36  f.;  44:11,  t$2S.). 
The  purpoM  of  this  was  to  arouse  humility  and  penitence. 
While  in  externals  this  was  much  like  the  one  io  1549.  the 
latter  is  more  intetesting  from  our  point  of  view,  for  two  rea- 
sons.  First,  without  doubt  the  general  state  of  miud  in  Kuropo 
as  a  result  of  the  terrible  ravages  of  the  Black  Death,  had  much 
to  do  with  the  organization  of  the  Flagellants,  and  even  more 
in  making  it  a  psychologically  interesting  affair;  in  the  second 
place,  the  reaction  oti  the  mind  brought  about  by  the  actlotis 
of  the  Flagellants  seems  to  hare  been  greater,  and,  as  Haeser 
Mys.  the  meuul  disturbance  was  Ear  more  significant  in  1349 
than  in  ia6i  (44:  II,  15a).  Hence  we  shall  confine  our  atten- 
tion to  the  case  iu  which  the  plague  figures. 

Those  who  6rst  took  part  were  mainly  of  (be  lower  classes. 
The  sioceritv  of  most  of  them  is  not  (lucstioncd;  they  are  said 
Io  have  been  "seiy-ed  with  n  deep  sense  of  contrition,  and  so 
resolved  to  forsake  their  vices  and  make  restitution  for  past 
offenses"  (49:34).  There  were  doubtless  others  who  "joy- 
fully availed  themselves  of  this  pretext  for  idleness,  and  were 
hurried  along  with  the  tide  of  distracting  frenzy"  (lot.  at.). 
Later,  other!*  from  the  higher  classes  joined  the  brotherhood. — 
even  nobles  and  ecclesiastics  and  nuns,  also  other  women  of 
high  repute,  and  even  children.  They  marched  in  an  orderly 
manner  from  city  to  city,  singing  as  they  went,  their  heads 
covered  to  the  eyes,  and  their  gaze  fixed  upon  the  ground;  they 
wore  a  red  cross  on  their  breo-tt,  cap,  and  back.  In  their 
hands  they  carried  scourges,  on  the  order  of  the  cat  o'nine 
tails,  knotted  in  several  places,  and  pointed  with  iron  (49:34). 
In  front  of  the  procession,  banners  and  tapers  were  borne. 
Wherever  they  went  they  received  the  warmest  vrelcome;  bells 
were  ning  to  celebrate  their  arrival;  people  flocked  from  all 
quarters  to  listen  to  their  singing  and  witness  their  penance. 
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Their  daily  progTamcie.  as  given  by  Hecker  (p.  376),  was 
follows :  "Penance  was  performed  twice  every  day.  Morning 
and  evening  they  went  abroad  iu  pairs,  singing  psalms  amid 
the  ringing  of  bella;  and  when  they  arrived  at  the  place  of 
flagellation  they  stripped  the  upper  pan  of  their  bodies  and 
put  oS  their  shoes,  keeping  on  only  a  linen  dresH  reaching  from 
the  waist  lo  the  iinkles.  They  then  lay  down  in  a  large  circle, 
in  different  positions,  according  to  the  nature  of  their  crime, 
.  .  .  and  were  then  castigated,  some  more  and  some  leas, 
by  their  masters,  who  ordered  them  to  rise,  in  the  words  of  the 
prescribed  form.  Upon  this,  they  scourged  them-telves,  amid 
the  singing  of  psalms  and  loud  sapplicatioos  for  the  avertiog 
of  ihe  plague." 

The  hand  that  entered  Stra.st}nrg  was  two  hundred  strong ; 
but  when  it  lef^  it  numbered  over  a  thousand,  sonmny  recruits 
had  it  received  (49:34^).  It  is  said  lo  have  grown  almoat  to 
the  proportions  of  a  tribe;  nod  for  several  months  new  crowds 
arrived  daily  to  join  it.  At  Spires  two  hundred  boys,  not  over 
twelve  years  old,  organized  themselves  into  a  band  of  Flagtl- 
lantit,  and  wanciered  around  tike  those  who  took  part  in  the 
children's  crusade  a  century  before  (49:35).  All  the  inhabi- 
tants of  this  town  \«-cre  curried  away  with  excitement.  They 
invited  the  boys  to  their  homes,  and  showed  them  every  possi- 
ble attention.  With  every  pilgrimage  the  reputation  of  the 
javenile  Flagellants  increased.  The  reputattou  of  the  bands 
of  adults,  on  the  other  hand,  became  bad;  while  they  engaged 
in  religious  exercises  during  the  day,  the  night  was  given  up 
to  the  wildest  orgies.  When  this  was  found  out  they  were  no 
longer  received  with  kimlnes!'  (49:38  f). 

But  whstn'cr  may  be  said  of  them  toward  the  end,  they 
allowed  ever>'  sign  of  seriousness  at  the  beginning,  .  .  . 
they  had  .strict  regulations  that  could  not  he  violated  except 
under  penalty  of  the  lash:  each  one  must  provide  himself  with 
a  certain  amount  of  money,  in  order  not  to  be  burdensome  to 
the  people,  and  no  one  must  seek  free  entenainmcnt  or  even 
enter  a  house  uniuvited.  And  all  couversation  even,  between 
(hose  of  opposite  sex,  was  forbidden.  But,  unfortunately, 
these  rules  were  not  lived  up  to  very  long:  degeneracy  soon 
crept  IB  and  all  sorts  of  crimes  were  committed.  When  they 
became  unscrupulons,  and  realized  the  power  that  numbers 
gave  them,  they  became  a  real  menace  lo  civil  and  religions 
authority.  F,.spe<:iHUy  strong  was  the  sntsgonism  between 
them  and  the  church.  "They  gained  moic  credit."  says 
Hecker  (p.  38),  "than  the  priests,  from  whom  they  so  entirely 
withdrew  themselves  that  they  even  absolved  one  another; 
besides,  they  everywhere  took  possession  of  the  churches." 
They  claimed  to  heal  the  sick  by  supernatural  power,  and  to 
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work  tniractea  in  other  wnys.  In  one  of  their  meetings  r 
IcHcr  was  read  which  ptirportcd  to  have  beeo  written  by  aa 
angel,  urKinf;  them  to  penitence,  and  promising  Christ's  bless- 
ing to  all  who  would  scourge  themselves  and  wander  for 
thirty-four  days  (49:38),' 

While  the  x'ow  demanded  of  those  joining  at  first,  obligated 
them  for  only  thirty-four  days — the  number  mentioned  in  the 
"fiDgel's  letter," — the  plan  was  finally  made  to  form  a  com- 
pact for  tbirty>four  years  (49:38),  probably  with  the  aim,  on 
the  part  of  the  leaders,  of  forming  a  permanent  league  against 
the  church.  But  the  prompt  and  vigorous  action  of  Hmperor 
Cbarlcs  IV,  and  Pope  Clement  prevented  the  carrying  out  of 
the  scheme  (49:3*;  97:  II,  608;  44:11.  157). 

The  tide  had  complvlcly  turned;  the  Flagellants  had  over- 
reached themselves  and  had  brought  condeuiuatiou  on  their 
owu  heads.  They  were  driven  (lom  every  place  tbey  attempted 
to  enter,  and  were  hounded  with  bitter  pereecntions,  as  if  tbey 
had  been  the  cause  of  ever}-  misfortune.  One  of  their  ma.sters 
was  publicly  burned.  The  Pope  interdicted  thdr  public  pen- 
8OCC,  and  forbade  the  continuance  of  Iheir  pilgrimages,  on  psin 
of  excommunication  (49:39,  40). 

It  is  evident,  says  Hcckcr,  that  the  gloomy  fanatictsm  which 
gave  riw  to  these  pilgrimages  and  procetmionii  of  the  Flagel- 
lants would  infuse  new  poison  into  the  already  desponding 
minds  of  the  people.  They  were  carried  into  that  "barbarous 
enthusiasm"  which  made  that  horrible  pcrsecatltm  of  the  Jew* 
possible.* 

III.    Ths  Dancing  Mania. 

In  the  last  half  of  the  fourteenth  ceutury.  which  we  have 
already  found  to  be  so  prolific  of  strange  maladieit.  the  daiKing 
mania,  one  of  tbc  most  interesting  epidemics  in  the  history  of 
the  world,  broke  out  in  Geiniany  and  the  Netherlands,  and 
continual  for  more  than  two  centuries  (49:87;  97:11.  60s  f.; 
44  JI.  17a).  It  assumed  different  forms  in  different  localities 
aiid  different  centuries,  and  so  is  not  always  known  by  this 
same  name.     For  our  piupose,  no  distinction  need  be  made 

'  Haeaer  (U,  151)  tliinki  Itai*  letter  incident  wai  eoaaected  witfa  tbe 
PI«K«IUntH  ill  ]>6i. 

■PlagetUots  wMcfoDiKl  ia  AbyMinla  in  iSio  (49:13;):  itnd  the  Mme 
Te«r  a  proc«uioa  Mucd  ItaroDgb  tl>e  alrceti  ol  Ltabun  (69:9.16), 
lBd«(d,  tbiy  arc  to  be  (uuud  (aiiaer  th«:  name  ol  PeoitcnK)  ■mong 
the  Latin  race*  at  the  preMiit  time.     In  a  iium!>cr  o(  Mcxicnti  town* 


tbey  appear  <|Dilc   frequently  in  praceMionii,   inflicting  the  HcvcTeit 
sell 
fizt 
piacti 
(p,  J75  t.)  Mya  ll  fa  atao  to  be  met  with  amonK  the  Uoliammcdans. 


pnalRhment  nn  theinMl*e«nn(l  on  one  another,  even  going  ttaiouKh 
ibe  (onn  of  crucifixion,  hot  stoppltiK  just  *1iort  of  death  (60:936). 
Viagellatiou  i>  practiced  by  certain  RnMian  tiecta  to-day,  and  Stoll 
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between  St.  Vitus's  dance  and  St.  John's  dance.     In  ihc 
lowing  account  some  of  the  fact.<i  relate  to  one  and  some  to  the 
other. 

In  1374.  bands  of  men  and  women  appeared  in  tb«  streets 
of  Atx-]a-Chap«lIe,  who  were  "united  by  one  common  delu- 
sion." Hecker  (p.  87)  gives  the  following  description  of  their 
actions:  "They  formed  circles  hand  in  band,  and  appearing  to 
have  lost  alt  control  over  their  senses,  continued  dancing,  re- 
gardless of  the  bystanders,  for  hours  together,  lo  wild  dclihua, 
tintil  at  length  they  fell  to  the  ground  lu  a  state  of  exhaustion. 
They  then  cooiplaiued  of  extreme  oppression,  and  groaned  as 
if  iu  the  agnuies  of  death,  until  they  were  swathed  in  clothes 
bound  tightly  ruund  their  waists,  upon  which  they  again 
recovered  and  remained  free  from  complaint  until  the  next 
Attack.  This  practice  of  swathing  was  resorted  to  ou  account 
of  Ihc  tympany  which  followed  these  spasmodic  ravings,  but 
the  bystanders  frequently  relieved  patients  in  a  less  artificial 
manner,  by  thnmping  and  tramping  upon  the  parts  affected. 
While  dancing,  they  neither  saw  nor  heard,  being  insensible 
to  external  linpre.-bU0)is  through  the  senses,  hut  were  haunted 
by  visions,  their  fancies  conjuring  up  spirits  whose  names  they 
shrieked  out;  and  some  of  them  afterward  asserted  that  they 
felt  as  if  they  were  immersed  in  a  stream  of  blood,  which 
caused  Ihem  lo  leap  .so  high.'  Others  saw  the  heavens  open 
aud  Ihc  Saviour  enlhrnned  with  the  Virgin  Mary,  according  u 
the  religious  notions  of  the  age  were  strangely  and  variously 
reflected  in  their  imaginations."  Indeed,  we  are  told  that 
many  of  the  dancers  so  completely  lost  their  senses  as  not  to 
be  able  to  take  care  of  themselves;  in  the  extravagance  of 
their  actions  some  ran  against  buildings  or  other  objects  and 
killed  themselves;  others  rushed  into  rivers  and  were  drowoed 
(4Q:i30f.). 

The  dancers  were  greatly  a5ected  by  music;  the  magistrate* 
in  some  places  took  advantage  of  this  fact,  and  hired  musicians 
to  play  for  them  in  order  that  the  dancers  in  trying  to  keep 
time  to  the  lively  tunes  which  were  played  might  be  exhausted 
more  quickly;  the  snine  end  was  sometimes  sought  by  hiring 
athletes  to  go  in  among  them  (49:91.  104).  This  extreme 
exhaustion  of  the  body  usually  allayed  the  excitement  of  their 
disordered  nerves,  and  calmed  their  minds.*    The  point  of  ex- 

•Mimy.  knowing  vb«i  conTatsioni  they  would  be  subitci  to.  took 
the  piecantioD  to  hire  confidential  atteodaots  10  see  that  they  were 
not  iiollty  of  anr  impropriety  (49  'toS)- 

'WtacD  one  left  an  iidpqIn  to  dance,  tbe  best  tbing  to  do  was  to  let 
tiim  dance;  but  relief  wn*  lotnetitncii  secured  io  olber  wava.  Oa« 
plan  was  to  dasli  cold  wstcr  ou  Ibe  psticnt.  or  belter.  plnuKehim  into 
a  pool  or  B  itieam.— a  plan  practiced  by  PsracclHOs;  another  plan  was 
to  (coarfcc  Ibe  patient. 
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haostton  wa»  very  diBicult  to  reitch  in  miitiy  cases;  some  coald 
daocc  for  several  Aays,  almost  without  ceasing,  and  it  is  ie> 
ported  of  one  woman  that  an  entire  month  was  required  for 
ber  to  find  relief  (49:104).  The  cndumnce  of  these  dancers  is 
almost  incredible;  tb&l  they  were  able  to  go  to  each  extremes 
of  violent  action  without  seriouH  injuries  if  not  some  fatalities, 
seems  remarkable.  But  sufferers  from  this  malady  could  do 
with  impunity  what  would  be  impossible  for  one  in  the  normal 
condition.  This  extraordinary  power  wa«  attributed  by  some 
to  the  evil  one.  and  the  mania  was  called  the  "demoDiacal 
disease"  (49:HKfT.;  44:11,  175;  97:11,605).  There  were  some 
caws  of  permanent  injury  and  loss  of  mind. 

Although  the  mania  bejtan  in  Germany  it  soon  spread  over 
the  Netherlands.  In  Uvgc,  Utrecht,  Tongres  «)d  other  cities 
in  Belgium,  bands  01  dancers  appeared.  Oflcn  they  decked 
themselves  with  flowers;  and  ii.sually  they  wore  a  girdle  so 
that  a  bystander,  by  inserting  a  stick  and  twisting,  might  re- 
lieve tympany  when  the  paroxysm  was  over  (49:89). 

"Wherever  the  dancers  appeared,  the  penplc  a.<.M:ml>Ied  in 
crowds  to  gratify  their  curiosity  with  the  frightful  spectacle." 
Many  of  these  spectators  who  had  come  out  of  curiosity  and 
for  amuiicment,  icll  under  the  spell,  and  entered  the  ring  of 
dancers, — reminding  one  of  those  in  the  "Deserted  Village," 
who  "came  to  tcoff,  but  remained  to  pray."  Besides  this 
curious  crowd,  there  were  many  parents  anxiously  seeking 
their  children,  and  friends  seeking  iriends  who  might  be  in  the 
"misgniilcd  multitude"  (49:89). 

As  in  the  case  of  the  Flagellants  the  namber  of  these  dan- 
cers increased  to  an  alarming  extent.  As  a  rule  when  they 
entered  a  town  or  village,  they  took  possession  of  the 
churches  ami  other  religion.-^  houses  (49:89;  97:11,606);  and 
again,  as  in  the  case  of  the  Flagellants,  they  were  received  with 
great  kindness;  processions  were  held  in  their  behalf;  also 
muses  were  said  and  songs  were  sung,  with  the  hope  that  the 
ioflueoce  of  the  evil  one  might  be  removed  by  these  means. 
Some  of  the  priests  even  tried  exorcism,  for  their  own  influence 
seemed  to  be  menaced,  and  even  their  destruction  seemed  to 
be  threatened  by  the  increasing  number  of  those  "possessed," 
since  they  constantly  breathed  out  imprecations  against  the 
priests  (49:90),  Furthennore.  the  public  generally  feared 
these  fanatics,  who  were  easily  excited  by  the  most  trivial 
things.  For  example,  they  showed  such  dislike  to  pointed- 
toed  shoes,  which  had  recently  come  into  fashion,  that  it  was 
deemed  advisable  by  the  authorities  to  issue  nn  ordinance  that 
no  one  should  wear  any  but  shoes  with  square  toes  (49:89). 
But  even  to  a  greater  extent  were  they  irritated  by  the  sight 
of  anything  red  (49:89;  44:11,175):   indeed  they  acted  like 
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infuriated  animals  nnder  these  circutoiiUDces.  Some  wei« 
thrown  into  a  state  of  excitement  by  the  dgbt  of  aoy  one 
weeping  (49:90).  S 

We  find  this  disease  raging  quite  aeverely  in  Metx  uia^l 
Cologne  $onie  time  sAcr  its  ap[M:arance  at  Aix-Ia-Chapelle 
(44:11,  172;  49:90),  At  Cologne  there  were  about  five  hnn- 
drcd  dancers,  and  at  MctK  more  than  a  thousand.  Heckcr 
(p.  90)  gives  the  following  description  of  what  occurred  &t^H 
these  places:  "Peat^nls  left  their  plougbft,  mcchunics,  tbeirH 
workshops,  housewives,  their  domestic  duties,  to  join  the  wild 
revels,  and  this  rich  commercial  city  became  the  scene  of  the 
mo«t  ruinous  disorder.  Secret  desires  were  excited,  and  but 
too  often  found  occasion  for  wild  enjoyment:  aud  numerous 
beggars,  stimulateit  by  vice  and  miscr>\  availed  themselves  of 
this  new  complaint  to  gain  a  temporary  livelihood.  Girls  and 
boy.s  quitted  their  parents,  and  servants  their  masters,  to  amase 
themselves  at  the  dances  of  the  possessed,  and  greedily  im- 
bibed the  poison  of  mental  infection.  Abo\*e  a  hundred  un- 
married women  were  seen  ro\-ing  about  in  consecrated  and 
unconsccratcd  places,  aud  the  consequences  were  soon  per- 
ceived." 

It  is  not  strange  that  in  limes  of  such  dcmoialization  there 
were  many  who  determined  to  profit  by  thcconditioaof  a&irs. 
Some,  seeing  how  well  the  roving  bands  of  dancers  were  cared 
for,  shrewdly  conceived  the  idea  of  pietending  to  be  possessed; 
and.  practicing  till  they  could  imitate  the  dancerx  perfectly  Id 
their  gestures  and  even  in  tfaeir  convulsions,  they  began  their 
wanderings,  and  for  months  they  saoceeded  in  practicing  their  bi 
impostures  C49'.9i)-  B 

There  is  something  psychologically  ioterestiDg  in  the  way 
the  names  of  St.  John  and  St.  Vitus  became  connected  with 
this  form  of  the  disease.  As  far  back  as  the  fourth  century 
John  the  Baptist's  day  wa.t  observed.  To  the  original  customs, 
which  were  said  to  be  strange  and  rude  ennugh,  relics  of  hea* 
thenism  were  superadded;  bacchanalinn  dances  became  a  part 
of  the  celebration  (49  :94).  It  is  thought  that  the  wild  revels 
of  St.  John's  dance  in  1374,  gave  rise  to  the  dancing  mania, 
for  the  crowd  that  appeared  at  Aix-Ia-Chapetle  continually 
called  upon  St.  John's  name  (49  :  96).  It  may  seem  impossible 
that  a  festival  could  bring  about  so  serious  a  consequence;  but 
it  must  be  rememl>ered  that  the  effect  was  cumulative — it  held 
over  from  year  to  year.  And  besides,  it  is  probable  that  other 
factors  entered  in.  and  that  this  was  a  culmination  of  a  .series 
of  events,  the  product  of  a  varietj"  of  causes.  Neglecting  for 
the  time  the  reign  of  supersliliou  in  the  preceding  years  and 
even  centuries,  we  find  certain  facts  which  immediately  pre- 
ceded this  breaking  out.  and  which  probably  had  some  influ- 
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Great  fwrls  of  Ccrmtmy  koew  do  such  thing  as  taw; 
tbe  baions  n-crc  waging  constant  war&re  on  one  aootber;  tbcre 
wu  no  security  of  property,  and  e\'en  life  WM  not  safe;  corrup- 
tion of  morals  was  the  role:  the  hatred  and  persecution  of  the 
Jews  kocw  no  bounds;  besides,  the  masses  of  ibe  Germans 
theuiAelve^  were,  as  we  might  infer  from  the  facts  already  be- 
fore us.  wretched  and  oppressed:  add  to  this  two  other  facts, 
(1)  that  the  Rhiue  and  the  Maine  had  overflowed  their  banks 
and  wrought  immense  damage,  increasing  the  misery  and  dis- 
tress to  which  the  inhabitants  bad  already  been  reduced;  and 
(3)  that  the  consciences  of  many  were  tormented  with  the 
recollectiou  of  crimes  which  they  had  committed  donng  the 
prevalence  of  the  Black  Death, — tormented  to  such  an  extent 
that,  as  Hecker  says  (p.  96).  "their  despair  sought  relief  in 
tbe  intoxication  of  an  artificial  delirium," — and  then  we  can 
UDderstmid  how  tbe  c<:Icl>ratlon  of  St.  John's  day  could  "bring 
to  a  crisis  a  malady  that  had  been  long  impending." 

Haeser.  who  agrees  in  tbe  main  with  Hecker,  goes  a  step 
fortbcr  in  trying  to  account  for  the  breaking  out  of  the  mania 
in  Germany.  It  is  bis  opinion  that  the  interdict  of  Pope  John 
XXII,  on  the  Emperor  I.udwig  (by  which  the  churches  were 
ckwcd,  by  which  also  they  were  denied  absolution  and  the 
benediction  at  death,)  stirred  the  sensitive  minds  of  the  people, 
and  was  thus  an  added  factor  in  precipitating  the  trouble 
(44:11.  174  ff.). 

St  Vitus  Is  connected  in  a  somewhat  different  way  (49:93  f. ). 
He  was  a  Sicilian  youth  who  snScred  manyrdom  iu  the  year 
30J.  In  836,  when  his  body  was  transferred  to  a  new  bur}-ing 
ground,  he  was  raised  to  a  higher  rank,  and  not  unnaturally, 
bis  altars  increased  in  number.  People  had  recourse  to  these 
wbeu  in  distres.H.  and  besought  bis  aid  sk  a  powerful  inter* 
cessor.  It  is  claimed  that  the  legend  which  connected  his 
name  with  the  dancing  mania  was  invented  in  the  fourteenth 
centory.  The  report  gained  currency  that,  just  before  his 
death,  St.  Vitus  prayed  to  God  that  he  might  protect  from  the 
dandng  mania  all  tlio»c  whu  should  ".solemnize  the  day  of  his 
commemoratioa;"  the  legend  went  on  to  say  that  his  prayer 
was  accepted,  and  that  a  voice  from  heaven  made  known  to 
Vitus  tbe  fact  of  this  acceptance.  Thus  St.  Vitas  became  the 
patron  saint  of  tbe  dancers:  and  bis  name  was  applletl  to  our 
modern  disease  because  of  its  resemblance  to  the  dancing  mania 
of  the  Middle  Ages. 

After  the  dbease  spent  mt>ch  of  its  force,  after  the  regular 
pilgrimage  of  the  dancers  ceased,  annual  outbreaks  occurred 
Mir  BOOM  titne.  In  these  annua]  attacks  a  strong  psychological 
effect  is  apfMirent.  St.  John's  festival,  which  was  held  in  July, 
and  St.  Vitus's  day,  June  fifteenth,  were  looked  forward  to  as 
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great  events,  sai  naturally  so,  in  view  of  tlie  history  of  tbe 
preceding  centuries.  All  mindii  were  centred  oil  tlie  festival 
long  before  it  came  off.  For  weeks  beforehand  people,  espe- 
cially those  who  had  suffered  before,  "felt  a  disquietude  a»d^ 
restlessness  which  they  could  not  overcome.  They  were  de^l 
jectcd,  timid  and  anxious,  waudercd  about  Id  an  unsettled 
stale,  being  tormented  with  twitching  paJiis  which  seized  them 
suddenly  in  different  parts"  (49:  105).  When  St.  John's  Day 
came  and  they  danced  at  the  altars  of  either  St.  John  or  St. 
Vitus,  if  for  a  few  hours  only,  they  received  complete  relief  for 
the  rest  of  the  year, — or  until  the  day  for  the  ^tival  drew 
near  again.  These  occasional  cases  are  met  with  as  late  as 
the  end  of  the  first  quarter  of  the  seventeenth  century.  The 
benefit  that  these  and  the  dancers  of  th«  preceding  centuries 
received,  came  not  only  from  their  exerci-te and  thccoiiNir<iueiit 
exhaustion,  but  also  from  the  simple  belief  that  St.  John  and 
St.  Vitus  had  power  to  help  them. 

The  dancing  mania  in  Italy  ns.Humed  a  somewhat  ditTcrcnt 
form,  hence,  it  is  newssary  to  speak  of  it  separately.  It  was 
called  taranti.'tni  in  that  country  l>ecause  it  was  supposed  10  be 
caused  by  the  bite  of  the  tarantnla.  Much  of  our  information 
comes  from  Perrotti,  who  was  a  lecturer  on  medicine  and  other 
sciences  at  Bologna  about  the  middle  of  the  fifteenth  century 
(49  : 1 10).  Later  writers  agree  with  Perroiti  as  to  the  effects 
of  the  tarantula's  bile.  Melancholy  usually  followed,  and  the 
victim's  senses  were  deadened  to  a  considerable  degree.  la 
almost  all  cases,  those  who  had  beeu  bitten  were  very  suscepti- 
ble to  the  infiuence  of  music  (49  :it6);  and  wonid  respond  to 
a  favorite  tune  by  shouting,  leaping  and  dancing  until  com- 
pletely exhausted,  when  they  would  sink  to  the  earth  almost 
lifeless.  Some,  however,  could  uot  be  roused  from  their  state 
of  melancholy,  but  continued  downcast;  their  misery  and 
anxiety  showed  itself  in  weeping.  Still  others  "fell  morbidly 
in  love."  Reports  of  such  effects  as  these,  from  the  bite  of 
venomous  serpents  and  insects,  are  to  be  met  with  «t  difierent 
times  from  the  twelfth  century  on  (49:  113):  and  the  uneasy 
state  of  mind,  the  fear,  the  dread,  that  took  ix>s.session  of  the 
people,  together  with  the  effects  of  these  mental  factors,  bring 
this  di:iease  within  the  field  of  our  inquiry. 

There  seemed  to  be  no  relief  for  the  sufferers  except  thit^ 
which  music  afforded  (49:118).     In  a  sense,  music  seemed  tofl 
be  the  cause  and  also  the  cure,  for  one  who  was  bitten  could  be^' 
roused  from  bis  state  of  melancholy  to  the  wildest  fits  of  danc- 
ing  by  musical  iustruments;  and  these  fits  could  be  relieved 
only  by  continuing  the  mnsic  till  the  dancer  was  completely 
exhausted.     Hence  it  is  not  strange  that  '  cities  and  villages 
alike  resounded  throughout  the  summer  season  with  the  notM 
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of  (ifc«.  clurinets  and  Turkish  drums."  Heck«r  reports  Alex- 
ander ab  Alexandre  and  Mattbioti  both  as  giving  very  interest- 
iag  exaiii|>les  of  the  efTect  of  music  The  furmcr  saw  a  youug 
man  seized  with  a  violent  attack  of  taratitism.  When  the  drum 
30tiaded  he  began  to  dance,  gradually  increasing  hU  quickness 
and  violence  until  the  dnnce  became  n  succession  of  wild  leaps; 
in  the  midst  of  this  performance,  the  music  stopped  suddeuly, 
and  he  fell  senseleiu  to  the  ground,  and  did  not  move  again 
until  the  music  started  up,  then  h«  went  through  with  the 
dance  as>he  had  done  before  (49 : 1 16  f. ). 

Matthioll,  who  was  also  an  eye-witness,  speaks  of  similar 
csMS.  He  says  that  "however  tortured  with  pain,  however 
hopeless  of  relief  the  patients  appeared  as  they  lay  stretched  on 
the  couch  of  sickness,  at  the  very  first  sound  of  those  melodies 
that  made  an  impression  on  them, — they  sprang  up  as  if  in- 
spired with  new  life  and  spirit,  and  unmindful  of  their  disorder, 
began  to  move  in  measured  gestures,  dancing  for  hours  together 
without  fatigue,  until,  covered  with  a  kindly  perspiration,  they 
felt  a  salutary  degree  of  lassitude,  which  relieved  them  for  a 
titne  at  least,  perhaps  even  for  a  whole  year,  from  their  dejec- 
tion and  oppressive  feeling  of  general  indUiiosilion"  (49: 118). 
In  this  case,  as  in  (he  former,  the  cessation  of  the  music  before 
complete  exb.iuslion,  had  injuriuu«  effects.  So  important  was 
it  to  have  mu^ic  to  alleviate  the  stiffctings  ol  these  miserable 
beings,  musicians  were  employed  for  (his  special  purpose 
(49:118). 

As  with  St.  John's  and  St.  Vitus's  dance,  tarantism  was 
worse  in  summer  than  at  other  time*  of  the  year;  and  also,  as 
in  the  case  of  those  diseases,  as  summer  approached  and  the 
time  for  the  annual  dance  drew  nigh,  those  affected  began  to 
feel  uneasy  and  restless.  There  were  regular  gathering  places, 
where  they  met  and  danced  off  their  madness. 

Many  showed  an  aboormal  fondness  for  water;  some  held 
glasses  of  water  in  their  hand  while  they  danced,  or  had  large 
vessels  standing  near;  in  extreme  cases  persons  arc  said  to 
bare  been  irresistibly  attracted  into  rivers,  and  drowned,  ns  in 
the  dancing  mania  in  Germany  (49:  i3o).  The  sufiFerers  from 
tarantism  abhorred  certaiu  colors,  as  did  the  dancers  in  the 
nortbem  countries,  but  strangely  enough  they  liked  red,  which 
was  unbearable  to  the  St  Vitus  dancers. 

Not  all  kinds  of  music  were  eijually  efficacious.  Experi- 
ments showed  what  style  was  best  for  the  varions  forms  of  the 
disease,  and  composers  made  their  music  to  suit  the  patients. 
A  composition  intended  for  the  dancers  was  called  a  taranlelU. 
A  number  of  these  tarantellas  have  come  down  to  us.  It  is 
thoDght  by  some  that  music  in  Italy  received  quite  an  impetus 
Id  b<Mh  compositicHi  and  perfotmaoce,  as  a  result  of  the  added 
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practice  made  necessary  by  this  roaniB,  in  Aict,  the  real  begin- 
oing  of  the  development  of  a  musical  talent  among  the  Italiani 
is  referred  by  some  to  this  perictl  (49 : 1 16) 

Many  of  the  victims  of  tarantism  had  not  been  bitten  by  s' 
taranttUa  at  all,  but,  if  they  believed  they  had,  the  result  ms 
the  same;  and  it  w.u  eai^y  for  »  disordered  iraaginutioD  to 
iTansrorm  a  harmless  insect  into  a  tarantula.  Besi^,  it  is  by 
no  means  certain  that  what  they  called  a  tarantula  was  really 
poisonous,  but  Ihcir  belief  that  it  was,  end  that  it  would  Itsd 
to  sticb  terrible  consequences,  made  possible  such  results  as  we 
have  seen.  _ 

Although  this  malady  was  found  in  Abyssinia  as  late  asH 
1835,  it  had  long  ceased  to  be  epidemic  in  Europe,  having 
reached  it9  heiKht  in  the  seventeenth  century. 

Even  in  its  decline  and  di^tappearance,  it  is  interesting  from 
the  psychological  point  of  view,  for  it  was  undermined  by  cer- 
tain sceptics  who  considered  it  an  imposture,  and  believed  they 
had  proved  it  to  be  such,  by  showing  from  experiments  that 
the  taranttila'.s  bite  would  not  produce  the  results  believed  to 
be  caused  by  it  (49:  133),  When  they  convinced  the  peo[de 
that  the  tarantula  wa.t  not  prisonous,  the  disease  died  ont.- 
fact  which  shows  the  influence  of  the  mind  in  producing  it. , 
To  deny  the  genuineness  of  tarautism  is  difficult,  for  an  Im-' 
posture  that  could  succeed  for  four  hundred  years  wooldl 
certainly  be  remarkable. 

Long  before  Uiranliism  or  St.  Vitus's  dance,  t. «.,  in  103I,  «e1 
6nd  an  account  of  a  di.scase  which  bears  a  strong  resemblance 
to  that  of  ihe  fourteenth  ccntur>-  (44:11,  171;  49:98).  But 
tradition  has  so  colored  this  that  wc  cannot  be  sure  of  tbe 
facts.  The  story,  as  it  comes  down  to  us,  is  to  the  effect  that 
a  dozen  or  more  persons,  who  bad  disturbed  public  worship, 
had  a  curse  pronounced  upon  them  by  which  they  were  con- 
demned to  dance  and  scream  for  a  whole  year.  At  the  end  of 
this  time,  they  fell  into  a  three  days'  sleep,  and  four  of  them 
died.  Another  verMoit  says  that,  at  the  end  of  their  dance, 
tbey  sank  into  the  ground  up  to  their  knees,  but  this  could 
easily  have  grown  out  of  the  statement  that  they  sank  to 
their  kn«a.  According  to  both  versions,  those  who  survived, 
suffered  the  rest  of  their  lives  from  a  trembling  of  their  limbs. 
How  much  of  this  is  true,  or  whether  auy  of  it  is  true,  is  not^ 
oor  question,  and  is  not  of  importance  to  us; — what  la  of  im>fl 
portance  is  the  fact  that  this  was  believed;  this  belief  fed  tlw" 
flame  of  superstition  which  had  already  a  superabundance  of 
fuel  in  those  years.  And  again,  in  1278  (44:11.  173;  49:97). 
a  crowd  of  about  two  hundred  as.sembled  at  Utrecht,  and 
danced  on  the  Mosel  bridge  while  waiting,  as  one  writer  sn>-s, 
for  the  Host  to  be  brought  by;  in  the  midst  of  their  dance  the 
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bridge  broke  and  the  dancers  were  all  drowned.  Freviotuly 
lo  this,  liowM-er.  i.  e.,  in  1337  (40:  97),  more  than  a  hundred 
children  were  seized  with  the  dancing  disease  at  Erfnrt,  and 
began  a  journe>'  to  Armstndt,  dancing  and  jumping  ai;  they 
went.  By  the  time  they  reached  Annstadt,  they  were  com- 
pletely exhausted;  some  of  them  died  and  some  were  affected 
with  trembling  to  the  end  of  their  lives.  What  the  immediate 
cause  of  this  was.  I  have  been  unable  to  learn,  but,  in  all 
probability,  thLs  is  closely  allied  to  the  "children's  pilgrim- 
age," which  had  taken  place  a  short  while  before  (in  iai2), 
and  of  which  religion  was  the  inciting  cause. 

IV.     Tue  CUILDKEN'S  Ckusades. 

Haeser  quotes  Hecker  with  approval  to  the  effect  that  this 
irilgrimiige,  known  as  the  children's  crusade,  is  as  good  an  ex- 
ample as  the  daucing  mania  of  the  pathological  condition  of 
those  who  took  pftrt  (44:11.  177).  A  brief  acooant  of  the  era- 
wde  will  incline  one  to  accept  this  view  as  correct. 

The  date  has  already  been  given  as  1212,  thout;h  some  place 
it  oite  y«ar  later  (44:11.  177).  Only  a  short  time  before  this 
Constaotiaople  fell  into  the  hands  of  the  crusaders  (1204),  and 
the  people  were  io  con>«)iience  wrought  up  lo  a  high  pitch  of 
excitement.  This  had  a  great  effect  on  the  minds  of  the  youth, 
for  the  mind  Li  «>  impressionable  at  the  period  of  adolescence: 
and  OS  a  result  two  ciusadcs  were  undenakcn,  one  in  France, 
the  other  in  Germany.  The  one  in  France  was  probably 
brought  to  a  focus  by  the  religious  processions  so  common  at 
that  time.  Immediately  after  one  of  these,  a  crowd  of  children 
got  together  under  the  IciiderNliip  of  a  shepherd  boy  named 
btcphen,  who  claimed  to  be  divinely  directed.  He  gathered 
round  him  an  army  of  thirty  thousand,  mainly  boys  and  girls, 
but  a  few  older  persoos.  and  started  on  the  way  to  the  holy 
land,  waving  flags,  and  singing  songs.  When  they  reached 
St.  Denis  the  kin^  tried  to  turn  them  back,  but  neither  advice 
nor  command  availed.  They  marched  to  the  Mediterranean 
and  thence  to  Iklarseiltes.  Much  enthusiasm  was  aroused  by 
the.se  children,  and  they  were  everj'whcre  kindly  received. 

At  Marseilles  they  took  ships  for  the  East,  but  two  of  the 
ships  foundered  in  a  storm,  near  Sardinia,  and  all  on  board 
perished.  In  their  mcmor>-  the  pope  founded  the  "Church  of 
the  Innocents"  near  the  place  of  the  disaster.  Most  of  those 
that  were  not  drowneti  suffered  a  worse  fate,  for  throngh  the 
treachery  of  two  merchants  at  Marseilles,  who  had  offered  to 
conduct  them  into  Syria,  they  were  carried  to  Alexandria  and 
other  places,  and  sold  as  slaves.  Some  of  them  died  as  mar- 
tyrs (44:11,  178). 

The  German  crowd  got  together  at  Cologne,  at  first  withont 
lovasAL-^ 
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a  leader,  but  later  they  chose,  or  rather  recognized  as  their 
leader,  Nidiotas,  a  shepherd  boy  of  only  ten  or  twelve  years, 
who,  it  seems,  had  done  much  to  rotisc  the  excitement.  Tbi« 
anny,  like  the  other,  was  made  up  tuainly  of  hoys  and  girls  of 
the  shepherd  classes,  but,  as  in  the  other  case,  there  were  some 
old  men;  and  some  of  the  sonsof  the  nobles  joined,  taking  with 
them  their  paramours.  Many  parents  were  unwilling  to  let 
their  children  go,  but  could  prevent  it  only  by  force,  Hacser 
states  that  many  who  were  shut  in  closets,  tied  or  otherwise 
confined  at   home,   actually  died   of  disappointment  (44:11, 

.79  f-)- 

As  they  journeyed  over  the  Alps,  toward  tbe  Adriatic,  they 
suffered  many  hardships;  some  had  joined  their  numbers  In 
order  to  steal  from  the  inexperienced;  others,  io  order  that 
uuder  the  cover  of  piety,  they  might  ha^-e  opportunity  to 
gratify  their  baser  passions;  somedied  from  over -exert  ion,  some, 
of  starvation,  and  others  were  frozen  to  death.  Some  of  them 
readied  Italy;  tbe  pope  sent  cardinals  to  meet  them  and  turn 
them  back,  but  only  a  few  heeded  his  advice.  They  bad  to 
break  up  into  smaller  bands,  in  order  to  get  enough  food. 
Nicholas  and  a  band  of  seven  thousand  reached  Genoa.  They 
were  not  allowed  to  remain  there  more  than  a  week  because  it 
was  feared  that  snch  a  band  of  non- producers  would  reduce  the 
town  to  want  if  allowed  au  indefinite  stay  (44:11.  tSo).  Some 
of  the  young  crusaders  reached  Rome;  some,  probably  a  verj" 
small  percentage  of  those  who  started  out,  got  back  home,  but 
in  scattered  bands,  barefuot,  hungry,  despised  and  mocked. 
The  leaders  had  fallen  under  suspicion  of  being  insincere,  of 
being  deceivers  and  tricksters.  The  moral  condition  was  what 
might  l>e  expected  under  the  circumstances;  many  of  the  girls 
scarcely  out  of  childhood  themselves,  became  mothers  (44:11, 
tSo).  Thus  this  crusade  ended  in  dismal  failure  and  disgrace. 
Bui.  Haeser  says  (II,  tSof.),  it  shows  the  power  of  tbe  excited 
imagination  over  tbe  masses,  and  is  a  proof  that  the  form  of 
madness  or  delusion  in  any  age  depends  on  the  ideas  that 
dominate  the  mind. 

Two  centuries  later  there  was  a  repetition  of  the  children's 
pilgrimage,  but  on  a  smaller  scale  (44:11.  [86f.).  This  time 
the  objective  point  was  St.  Michael  in  Normandy.  Like  the 
others,  it  resulted  disastrously;  none  of  the  children  reached 
home;  those  that  did  not  freeze  or  starve  were  sold  as  slaves. 
This  pilgrimage  is  so  much  like  the  others  that  a  detailed  study 
of  it  will  not  add  materially  to  our  discussion. 

The  ordinary  crusades  must  be  passed  with  a  word.  With- 
out doubt  they  were  a  means  ol  spreading  the  plague,  and  were 
therefore  responsible  for  whatever  results  the  plague  led  to, — 
mental,  moral,  physical  or  economic,  the  last  of  which  is  far 
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greater  tbaa  is  ordinarily  supposed.  Ftirtbermore,  there  was 
a  more  direct  connection  between  the  crusades  and  the  general 
tone  of  tbouKlit  which  manitesled  itself  in  the  ^reat  variety  of 
diMflses  peculiar  to  the  Middle  Ages.  The  reUgioos  motive, 
which  led  to  the  attempt  to  get  possession  of  the  tomb  of  Christ, 
U  probably  the  most  common  single  factor  in  bringing  about 
an  unbalaooed  state  of  mind;  on  the  other  hand,  it  would  ap- 
pear that  some  of  the  crusades  could  not  have  been  undertalcen 
except  by  those  who  were  already  unbalanced;  thus  the  two 
seem  reciprocally  causative.  Which  caine  first  is  immaterial 
(or  our  purpose,  Grant  that  the  cnisades  began  nnder  normal 
conditions, — we  must  confess  that  before  they  were  at  an  end 
they  stirred  Europe  to  the  very  foundation.  Surely  it  was  no 
ordinary  mental  atmosphere  that  caused  the  women  to  despoil 
themselves  of  their  most  precious  ornaments  for  the  beucSt  of 
tbe  cnisaders.  and  the  men  to  dispose  of  their  hereditary  do* 
mains  for  a  small  sum,  or  else  exchange  them  for  arms,  in 
order  to  take  part  in  the  holy  wars;  surely  under  normal  con- 
ditions ingots  of  gold  could  not  be  found  in  heaps  where  the 
wealthy  bad  deposited  what  they  no  looser  cared  for  (68:11, 
21-23),  •«>'■  ■f*  w*  prepared  to  see  princes,  under  ordinary  clr- 
cniBBtances,  resign  all  claim  to  their  principalities,  and  even 
tnoDtrchs  become  indifferent  to  the  glory  of  reigning  over  a 
powerful  kingdom,  and  willing  to  sell  their  capital  city,  if  only 
a  puictiaser  could  be  found, — yet  such  was  the  case  with 
Richard  C<rnrde  Lion  (98:111.  257).  Such  things  as  Ibcsc  are 
not  to  be  expected  except  under  an  unusual  order  of  things; 
and  on  the  otber  hand,  they  would  be  expected  to  disturb 
greatly  the  mental  equilibrium — if  such  existed — and  thus  pre- 
pare the  soil  for  such  a  harvest  of  mental  epidemics  as  we  find 
is  the  Middle  Ages. 

V.      LVCAHTHROPT  AI«>  WITCHCRAFT. 

Another  disease  to  be  mentioned  in  this  connection  is  lycaa- 
thropy — a  strictly  meotal  malady.  Its  name  indicates  a  belief 
in  the  ability  of  men  to  change  themselves  into  wolves.  But 
wolves  were  not  the  only  animals  into  which  human  beings 
were  supposed  to  be  changed.  In  Africa  the  lion,  the  hyena 
and  tbe  jackal,  in  Hungary  and  Poland  the  vampire  played 
this  part  (44:11,  170;  97:11,  243).  Whatever  animal  children 
represented  themselves  to  be  in  their  play,  that  they  believed 
themselves  to  be  when  the  delusion  came. 

The  hi-ttory  of  lycanthropy  is  ver>'  clasely  interwoven  with 
the  history  of  magic;  magicians  did  much  to  stir  up  and  keep 
alive  this  belief;  in  fact,  they  were  thought  to  be  the  teachers 
of  those  who  claimed  tbe  power  of  chiinging  their  form.  In 
Germany  and  France,  belief  in  this  power  persisted  even  be- 
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yoiid  the  Middle  Ages.     It  bad,  probably,  been  handed  down 
from  the  daj's  of  andent  Grccc«,  for  it  is  known  to  have  ob-^_ 
Uioed  among  the  Greeks  in  early  days  (44:  II,  170).  ^M 

In  Germany,  the  victim  of  the  delusion  wns  called  n  IVeir-^ 
wolf,  in  France,  a  loup-garou.  Wehr-woli^s  were  represented  as 
actually  having  awolf-consciousness, — as  being  fully  perstiiided 
that  tbcy  were  wolves,  lions,  hyenns  or  foxes,  according  to  the 
form  of  the  delusion  in  any  particular  coutmunity.  Of  course, 
the  only  data  pos.vibte  in  a  cu.hc  of  thi.s  kind  would  be  theactioD 
of  the  iadividual  thonght  to  have  been  transformed  into  an  aui- 
mal;  and,  it  mu.H  be  admitted,  tbatoflenmen'sactions were  not 
Qolikc  those  of  a  wolf.  Some  skulked  around  graveyards,  and 
howled  or  barked  in  a  way  not  characteristic  of  nian  in  hU 
normal  condition.  Some  of  the  victims  of  this  strange  delu- 
won  further  showed  the  propensities  of  wild  animals  by  killing 
children  (68:  II,  350  ff.).  Any  one  that  went  to  this  extent 
in  bis  madness  was  likely  to  be  hunted  down  and  killed  as  a 
wild  beast.  In  France,  even  as  late  as  1593,  a  hunt  for  men- 
wolves  wa.s  autborized  by  law.  The  parliaments  of  Bordeaux, 
Tours,  Kbcims  and  other  cities  decreed  that  all  witches  and 
consulters  with  witches  (by  which  they  meant  ioufi-garvtu) , 
should  be  put  to  death.  As  a  result,  both  at  Dole  and  at 
ParU,  men  u'ere  brought  to  trial  and  condemned  to  be  burned 
8livc(6S:II,  30off.;</.  49:  108).  Some  of  those  accused,  coa-^g 
fessed,  just  as  the  Jews  did  during  the  Black  Death.  ^M 

If  a  sufficient  motive  could  be  found  for  men  doing  that  for 
which  they  are  sure  to  be  bunted  dowii  as  wild  beasts  or 
burned  at  llic  .Niake.  it  would  be  easy  to  l>elieve  the  whole 
thing  au  imposlurc;  but  tbc  presence  of  such  motive  is  difficult 
to  find  in  most  cases.  In  Abyssinia,  where  this  same  disease, 
under  the  name  of  zoomorphisni,  exixted  is  the  early  part  of 
the  nineteeatb  century,  a  sufficient  motive  seems  to  be  dis- 
coverable. The  potters  and  the  blacksmiths  are  believed  to  be 
able  to  change  themselves  into  hyenas,  and  are  very  much 
fieared  on  this  account;  also,  the  church  has  excommunicated 
tbem  because  of  the  suspicion  that  there  is  something  diatiolical 
about  it.  As  long  as  they  are  so  regarded,  their  Kuilds  are 
not  likely  to  increase  in  number,  and  they  thus  have  a  mo- 
nopoly in  their  line  of  work.  To  this  end,  they  strive  to  keep 
themselves  sex>arate.  they  wear  rings  in  their  ears;  and  when, 
as  sometimes  happens,  a  huuter  kills  a  hyena  that  has  a  simi- 
lar ring  in  its  ear,  the  populace  basalt  the  proof  necessary  that 
a  blacksmith  or  a  potter  has  changed  himself  into  a  hyena. 
It  seems  never  to  have  occurred  to  them  thai  these  guilds 
could  have  caught  the  animal  and,  after  iuserling  the  ring  in 
its  ear,  set  it  free  again,  in  order  to  keep  up  the  deceptioi 
(49:  138). 
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As  we  htLve  seen,  lycanthropy  and  witchcraft  liave  beea 
closely  conncctc<l  historically;  later,  we  may  see  that  the  con- 
nection is  more  fundamental.  But  iu  our  presentation  of  the 
f)KU  the  two  will  be  kept  wpurate,  according  to  the  usual 
claasiGcation.  Witchcraft  will  be  taken  in  its  narrow  sense,  as 
deinoQoniauia. 

Witchcnft  has  its  roots  far  back  in  the  earliest  times  of 
which  we  have  record;  in  sacred  history  and  profane  we  have 
iiccotintH  of  the  same  thing  under  varj-ing  forms.  The  witch- 
craft of  Christian  lands  was  that  of  polytheistic  religions  ac- 
comtuodating  itself  to  a  new  theology.  The  principlet  of  ijood 
and  e\'il  gave  the  Greeks  their  euJaificmai  and  kahodaimonai, 
the  latter  having  their  counterpart  in  ibe  Roman  mams:  the 
satyrs,  »yh*ans  and  fauns,  like  the  Greek  centaurs,  were  but 
witches  considered  as  belonging  to  the  "college  of  divinities." 

It  is  not  the  witchcraft  of  the  Old  nor  of  the  NewTentaraent 
that  we  shnll  give  attention  to  but  that  of  modem  times.  In 
the  6rst  centuries  of  the  Christian  era  witchcraft  was  tolerated 
among  the  French,  Germans,  Saxons  and  others;  in  fact,  the 
Tietims  were  objects  of  pity  even  up  to  the  eighth  century, 
when  the  belief  that  the  devil  was  present  at  the  witches* 
meetings  arose  and  aronsed  the  church  to  hostility  (to^:!!, 
1370).  There  arc  records  of  trials  of  witches  iu  Spain  in  the 
mnlh  century,  hot  the  burning  of  witches  in  any  considerable 
number  is  not  met  with  till  the  thirteenth  century.  From  that 
time  on  to  the  eighteenth  centnrv  (hut  mainly  in  the  fifteenth 
and  sixteenth)  the  number  of  victims  is  incredible,  being  esti- 
mated by  Mackay  (11,333)  as  "tens  of  thousands,"  and  by 
Rydberg  (p.  j'it)  as  more  than  a  million.  One  record  says 
(68:11, 197)  that  in  France  in  1530  fires  of  execution  biased  in 
Dearly  every  town;  and  many  of  the  cities  of  both  France  and 
Germany  annually  offered  up  several  hundred  each  {op.  tit., 
p.  269);  during  the  long  parliament  in  Enghind  three  hundred 
were  condemned  to  death  (75:390). 

We  now  wonder  how  a  delusion  could  ex-er  have  gained  such 
hold  of  the  popular  mind  as  to  miike  this  wholesale  destruction 
of  life  |>ot»ible.  But  when  we  Icam  that  Aognstine,  Luther, 
Melancbtbon,  Calvin  and  John  Knox  were  firm  belie\-ers  in 
wi!clu:rQft.  and  that  such  men  as  Sir  Thomas  Brown  appeared 
as  witnesses  against  witches,  we  begin  to  see  the  extent  of  the 
craze.  Xot  only  did  jiidividnals  wx  their  influence  against  it, 
hot  organiM lions,  dvil  and  religious,  attacked  it.  The  Em- 
peror Sigismund  had  the  matter  "scientifically"  investigated 
In  the  presence  of  theologians,  and  according  to  Rydberg  (90: 
XVI,  363)  they  came  to  the  conclusion  that  it  iii  a  "poeilive 
and  constant  fact"  that  men  can  assume  the  form  of  animals. 
ts  in  lycanthropy  and  witchcraft.     The  parliaments  of  most 
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countries  reco^niized  witchcraft  as  a  crime,  and  time  and  again 
made  laws  t»  punish  if  not  prevent  it;  in  Shakespeare's  time, 
i.  e..  during  the  reign  of  Elizabeth,  the  burning  of  witches  was 
sanctioned  by  the  English  government  (6S;II,  149).  Pope 
Innocent  VIII  issued  a  bull  against  witchcraft  in  1484,  and  all 
the  popes  from  that  time  till  the  middle  of  the  eigbtccutb  cen- 
tury endorsed  bis  action.  A  knowledge  of  these  facts  will  en- 
able us  to  see  the  appropriateness  of  Justice  Story's  remarks. 
He  speaks  of  witchcraft  as  "a  belief  that  had  the  universal 
sanction  of  their  own  and  all  former  ages;  which  counted  in 
its  train,  philosophers  as  well  as  entliusiaats;  which  was 
graced  by  the  learning  of  prelates  as  well  as  by  the  countenance 
of  kings:  which  taw  supported  by  its  mandates,  and  the  purest  ^J 
judges  felt  no  compunction  in  enforcing"  (7:61).  ^| 

The  bull  referred  to  above  gave  absolute  power  to  inquisitors  ^^ 
(chief  of  whom  was  Jacob  Sprenger)  to  deal  with  all  accused 
of  witchcraft,  and  no  appeal  to  courts  or  even  to  the  pope  was 
allowed.  Sprenger  wrote  a  book  called  "  Malleus  Malificantn)" 
(The  Witch -Hammer),  giving  in  detail  the  proper  plan  to  be 
used  in  trying  witches.  According  to  the  rules  laid  down, 
trial  might  commence  without  any  previous  accusation.  Thei 
testimony  of  the  outlawed,  the  excommunicated  and  of  repro- 
bates who  would  not  be  allowed  to  appear  as  witnesses  in  an  , 
ordinary  case  and  whose  oath  would  not  be  be]ie%'ed  on  any 
other  question,  was  to  be  accepted  without  question  against 
witches.  If  the  counsellor  of  the  accused  appeared  too  earnest 
in  defence  of  his  client  he  too  was  to  be  regarded  as  guilty  ot 
witchcraft.  The  person  accused  was  put  on  the  rack  before 
the  trial  so  that  he  might  be  more  inclined  to  Icll  Ibc  truth. 
The  abolition  of  the  usual  mode  of  trial,  and  the  employment 
of  torture  even  in  the  case  of  one  under  the  sllghte-st  su.tpicion, 
though  not  accused,  were  advocated  in  the  bloody  code  of 
Bodinus  in  France,  and  also  in  that  drawn  up  by  Henry  Bo- 
guct,  "The  Grand  Judge  of  Witches  for  the  Territory  of  St. 
Claude,"  as  he  called  himself.  What  Sprenger  was  to  Ger- 
many, and  what  Bodtnus  and  Boguel  were  to  Prance,  Matthew 
Hopkins  was  to  England. 

The  offer  of  a  reward  of  twenty  shillings  for  every  witch  j 
convicted  gave  rise  to  a  class  of  professional  witch  finders;  and ' 
the  methods  employed  by  these,  and  sanctioned  by  the  courts, 
made  the  great  number  of  executions  possible. 

The  method  of  trial  is  one  thing  that  makes  witchcraft  an  I 
interesting  study  from  the  psychological  point  of  view.     It  will 
therefore  be  well  to  recall  a  few  facts  concerning  that  question. 

As  has  been  said,  au  inquisitor  could  force  oue  to  trial  with- 
out accusation  and  without  warning:  he  could  put  to  torture 
any  one  he  chose,  in  order  to  extort  a  confession.     If  torture 
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&i]ed  to  call  forth  a  confession,  and  if  witnes.se!i  were  Iacklnf[, 
other  methods  were  resorted  to.  In  KngUnd,  particularly,  tlie 
aoctused  was  commaniled  to  recite  the  Lord's  prayer;  if  she 
failed  to  do  so  readily  and  accurately,  she  was  adjudged  gtiilty 
(6S:1I,  24).  In  some  districts  the  one  suspected  was  wcigbed 
against  the  Bible,  and  considered  guilty  if  found  to  be  lighter 
than  it;  this  method  seems  not  to  have  been  employed  exten- 
sively, for  too  many  escaped  punishment  by  weighing  too 
much.  Others  employe<l  the  pricking  test;  the  one  on  trial 
Wii.<  pricked  with  pins  all  over  the  bf>dy,  and  if  any  spot  in- 
sensible to  pain  was  found,  it  was  sufTicient  proof  that  the  per- 
son was  a  witch.  Hopkins  himself  preferred  the  swimming 
test  recommeoded  by  King  James  in  his  "Demonologie."  This 
required  that  the  accused  be  wrapped  in  a  sheet  (after  each 
thumb  had  been  tied  to  the  toe  of  the  foot  opposite)  and  laid  00 
the  back  in  a  pond  or  river.  "If  they  aauk,"  says  Mckay 
(II,  341).  "their  friends  and  relatives  had  the  poor  consolation 
of  knowing  they  were  innocent,  but  there  was  an  end  of  them; 
if  they  floated — there  was  also  nn  end,  for  they  were  deemed 
gnilly  of  witchcraft,  and  burned '  accordingly."  The  "Witch- 
finder- General,"  as  Hopkins  was  called,  had  even  a  more 
atrocious  test  than  this.  The  suspected  witch  was  made  to  sit 
in  some  uneasy  posture  in  the  middle  of  a  room  for  twenty-four 
boiirv,  without  food  or  drink.  Guards  were  always  present  to 
see  if  Satan  or  any  of  his  imps  came  to  the  witch,  in  the  form 
of  a  fly  or  a  moth  or  a  bee.  If  any  insect  which  entered  the 
room  succeeded  in  escaping  before  the  guards  could  kill  it,  it 
was  an  imp,  and  the  one  on  trial  was  ptoiiounced  guilty,  and 
accordingly  executed  (68:11,  343).  Other  testsquiteas  ridicu- 
lous were  in  vogue,  but  illustrations  need  not  be  multiplied. 

It  seems  that  judges,  parliaments,  and  courts,  civil  and 
ecclesiastical,'  never  realised  the  absurdity  of  their  posiltoa. 
They  accepted  the  testimony  of  witnesses  who  said  they  saw 
certain  persons  in  the  form  of  birds,  cats  or  other  animals;  and 
they  never  thought  to  ask  how  these  witnesses  could  be  sure 
of  the  identity  of  a  person  in  the  form  of  a  cat  or  a  bird.  The 
denial  of  one  accnsed  was  disregarded;  one  might  be  honest 
but  deluded,  might  be  changed  to  an  animal  without  knowing 
it,  the  judges  held.  The  testimony  of  a  husband  that  bis  wife 
was  at  home  at  the  lime  she  was  charged  with  being  at  the 
witches'  dance,  counted  for  oaugbt;  he  was  told  that  he  no 
doubt  thought  his  wife  was  at  home,  but  the  devil  bad  deceived 

'RoKiianl  (pp.  37-S)  Miys  tbat  1>csi[lc8  burning:  and  drowitioK,  other 
methiids  of  puiting  to  death  were  empIoyeJ — sneh  fts  burying  ■live, 
(ttBiiglinjt.  (IraKKinfC  tichiuc)  n  cart,  face  down,  and  boiling  to  dcatli. 

'ItwUibe  remeintWTe<l  thttt  llie  thcatogical  faculty  ol  Paris  coa- 
demoed  Joan  ol  Arc  to  be  bamcd  ai  a  witch. 


40 


ocnrBN: 


him  by  substituting  another  or  an  imp  in  the  form  of  bis  wife 
while  she  was  away.  This  tncotisisteno'  iti  the  way  of  regard- 
ing the  testimony  of  witRcsses  for.  and  that  of  those  ngainst, 
the  accused,  was  apparently  overlooked  by  those  engaged  in 
tbe  trial.  And  ytt,  u  Leckey  says  (7:55).  "Ihe  subject  was 
examined  in  tensof  thousands  of  cases,  in  almost  every  conotry 
of  Europe,  by  tribunals  which  included  the  ocutcst  tawj'ers  and 
ecclesiastics  of  the  age." 

The  state  of  mind  that  made  the  acceptance  of  such  evidence 
possible  is  not  without  interest,  bnt  the  ment;i1  conditiou  uf 
witches  themselves  is  of  more  concern  to  us,  Of  course,  under 
the  s>'S[em  of  trlaLs  in  vogue. — a  system  which  made  it  possible 
for  inquisitors  to  satisfy  their  private  revenge,  to  gratify  their 
cupidity  or  to  put  out  of  tbe  way  those  whom  they  feared — 
thousands  of  innocent,  sane  and  rational  persons  lost  their 
lives:  and  this  number  was  greatly  augmented  by  the  confes- 
sions which  many  of  thot^e  accused  made,  for  coniiessions  tended 
to  strengthen  the  delusion  in  the  popular  mind.  These  confes- 
sions themselves  demand  explanation, — they  cannot  be  ac- 
counted for  as  ttcliberale  lies  told  to  escape  punishntent,  for 
they  always  led  to  death.  We  must  not  forget,  either,  that 
there  were  witches'  meetings,  and  these,  as  we  shall  see.  gave 
K>mc  ground  for  the  belief  which  prevailed.  To  qaote  Tam- 
burini  and  Tonnini  (104:11,  1369),  "The  grossest  crimes  and 
most  barbarous  cruellies  were  practiced  at  their  orgies. — infants 
were  sacrificed  and  their  fleah,  after  having  been  boiled  with 
toads,  serpents  and  the  like,  was  made  into  an  ointment  which 
was  reputed  to  possess  bewitching  qualities.  At  the  end  of 
their  ceremonies,  great  bniicjuets  were  eaten  at  which  infant's 
flesh  was  a  prominent  dish."  Such  meetings  are  known  to 
have  been  held  in  Switzerland  as  late  as  the  middle  of  the  fif- 
teenth centur>'.  This  form  of  witchcraft  is  known  as  demooo* 
latria,  which  is  really  devil-worship.  Tbe  mental  condition  of 
wliclies,  and  especiallyof  those  who  engaged  in  these  practices, 
needs  to  be  considered.  It  is  safe  to  say  that  this  condition 
varied  all  the  way  from  simple  mental  depres^on  with  visions 
and  hallucinations  to  the  strange  insanity  of  those  who  partici- 
pated in  these  orgies  or  of  those  who  bid  in  tbe  woods  or 
lurked  in  graveyards,  killing  and  actually  devouring  people. 
According  to  Tamburini  and  Tonnini  (104:11.  1570).  an  epi- 
demic of  some  snch  character  occurred  in  England  just  before, 
and  again  just  after,  the  Black  Death. 

A  question  which  has  been  practically  neglected  in  tbe  dis- 
cussion of  witchcraft,  has  quite  a  direct  bearing  on  the  magni- 
tude of  tbe  delnsion,  and  also  on  the  poisoning  mania  during 
the  plague,  if  not  on  several  other  epidemics  of  the  Middle 
Ages.     There  were  no  asylums  for  the  insane  before  the  seven- 
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teeotli  centtiry,  so  tliow  of  unsound  mind  were  left  ■!  lArge 
(io8:i33  f. ).  There  is  little  doubt,  therefore,  that  they  com- 
muuicated  their  insanity  to  others.  And  no  doubt  this  ac- 
oouois.  in  a  Urge  nieuure,  for  the  number  who  confewted  the 
impoesiblc  things  of  which  they  were  accused. 

Tuminfc  now  to  the  relation  of  lycauthropy  to  witchcraft,  we 
may  say  that,  strictly  speaking,  lycanthropy  is  a  form  of  witch- 
craft; i.  e..  witchcraft,  in  its  broadest  seuae,  is  generic,  and 
iticl tides  not  only  dcmononianta  (witchcnift  lugeniTiilly  uuder- 
stood),  but  thcoinania.  lycauthropy  and  certain  hysterical 
phenomena.  The  nme  K^neral  psycho- pathological  oonditioti 
IS  present  in  all  of  them.  The  description  of  nielancholtn 
given  by  Tamburini  (tof:!!,  i.^S)  will  apply  to  the  condition 
of  the  victims  of  witchcraft  or  lyciinthropy.  Melancholia  with 
ddufiions  and  confused  personality  is  clearly  seeu  in  the  esse  of 
tho3<e  in  witchcraft  who  Iwlicvcd  themM:lve.s  changed  into  cats, 
birds,  etc..  and  in  the  case  of  those  in  lycauthropy  who  be- 
lieved themselves  to  be  chanjced  into  wolves,  hyetias,  %'3iupires, 
etc.  The  di«tinciion  Ixtwccn  ordinary  witchcraft  riiiI  lycau- 
thropy seems  to  be  superficial  rather  than  essential;  iu  witch- 
craft, emphasis  is  not  placed  on  the  assumption  of  animal  forms 
so  much  as  on  the  diabolical  power  of  the  oue  possessed.  whll.e 
in  lycanthropy,  the  change  of  form  is  the  feature  made  promi- 
nent, althongh  the  same  power  is  necessarily  considered  present. 

Belief  in  witchcraft  ha.i  not  altogether  died  out  even  yet;  it 
is  probably  more  general  in  the  highlands  of  Sct>tland  Ihan 
anywhere  else.  But  there  are  no  more  executions;  in  fact, 
thoseut  Salcni  in  169a  were  among  the  latest  .so  far  as  I  have 
seen;  the  French  parliament,  even  a  century  earlier,  influenced, 
no  doubt,  by  the  the  attitude  of  Uiuis  XIV,  had  refused  to 
condemn  those  accused;  but  trials  continued  in  some  places 
even  in  the  first  quarter  of  the  nineteenth  century  (68 :  II,  320). 
The  deIu.sion  was  »o  deep-rooted  that  with  another  King  James 
and  another  lunocent  VIII,  we  might  find  it  assuming  alarm- 
ing proportions  even  now. 

This  remarkable  delusion  suggests  another  which,  although 
it  captivated  millions  of  minds  during  its  reignof  a  thousand 
years,  must  receive  but  n  brief  notice  here.  1  refer  to  alchemy. 
Most  noticeable  among  those  who  were  entangled  in  its  web. 
may  be  mentioned  Avicenna.  Albertus  MagnuK,  Thomas  .Vqui- 
nai,  Roger  Bacon  and  Paracelsus.  Though  the  philosopher's 
stone  '  vraa  never  discovered,  though  the  secret  of  transiDUtinK 

■It  If  interesting  to  notic*  that  *ii<:h  mcti  m  Prof.  Rutherford  bave 
conelnded,  (rom  ibeir  atuily  of  mdioaf^tive  substance*,  that  the  al- 
eberoUti  werceonect  in  believing  cbat  «iib>tAncc*  are  tranttnutable. 
So  the  alchcmUts  becaiue  chemists,  and  cbeniiata  bare  become 
alchetaUta. 
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the  baser  metals  into  gold  was  never  found  out,  it  wss  a  par 
tJal  compensation  for  all  the  baleful  influences  of  so  powerful 
a  superstition,  for  the  tremendous  wa»te  of  energy,  time  and 
talent,  that  alcbem)*  gave  ue  chemtstTy  as  astrology  gave 
aiitrotiomy. 

VI.      COMMBBCIAL  CrAZES. 


Tit  Missisiiftpi  Sehrme.  The  Missis-sippi  company  was  or- 
ganized in  France,  by  John  Law.  a  Scotchman,  in  17:7.  Its 
purpoK  was  to  have  "the  excUinive  right  of  trading  to  the 
great  river  Mississippi."  Il  was  a  typical  gel -rich -quick 
scheme,  but  was  on  a  tremendous  scale,  and  its  eflects  were  so 
vast  and  for-reacbing  as  to  be  almost  beyond  the  possibility 
of  belief. 

To  show  the  condition  of  things  when  the  infatuation  was 
at  its  height.  I  quote  from  Mackay  (I,  76)1  "The  highest  and 
the  lowest  classes  alike  were  filled  with  the  visions  of  txiutid* 
less  wealth.  There  was  not  a  person  of  note  among  the  oris- 
tocracy.  with  the  exception  of  the  Duke  of  St.  Simon  and  Mar- 
shall Villant,  who  was  not  engaged  iu  buying  and  selling  stock. 
People  of  every  age  and  condition  in  life  speculated  in  the  rise 
and  fall  of  the  Missisjiippi  bonds.  The  Rue  de  Quincampoix 
was  the  grand  report  of  the  jobbers,  .  ,  .  Houses  in  it,  worth, 
iu  ordiuarj-  times,  a  ttiousand  litres  of  yearly  rent,  yielded  as 
much  as  twelve  or  sixteen  thousand.  A  cobbler  who  had  a 
stall  in  it  gained  about  two  hundred  livres  a  day  by  letting  it 
out  and  furnishing  writing  material  to  brokers  and  their  dienls. 
The  story  goes  that  a  hunch-backed  man  who  stood  tn  the 
street  gained  considerable  sums  by  lending  his  hump  as  a 
WTJting-desk  to  the  eager  speculators.  The  great  concourse  of 
persons  who  assembled  to  do  business  brought  a  still  greater 
coacotirse  of  speculators.  These  again  drew  all  the  thieves 
and  immoral  characters  of  Paris  to  the  spot,  and  constant  riots 
and  disturbances  look  place.  At  nightfall,  it  was  often  found 
necessary  to  send  a  troop  of  soldiers  to  clear  the  spot." 

When  fifty  thousand  new  shares  were  offered,  there  were  at 
least  three  hundred  thonsand  applications  made  for  them;  and 
for  weeks  the  eager  applicants  beset  Law's  house.  Dukes, 
marquises  and  counts,  with  tbeir  duchesses,  marchionesses  and 
countesses,  waited  in  the  street  for  hours  every  day  to  know 
the  result.  Many  took  apartments  in  adjoining  houses,  "that 
they  might  be  near  where  the  new  Pluius  was  diffusing  hb 
wealth"  (68:1,  35).  The  streets  were  so  blocked  by  the 
waiting  crowds.  Law  moved  hts  office  to  a  place  that  bad  open 
space  enough  to  accommodate  the  crowds,  and,  in  order  to 
keep  the  streets  clear  a  law  was  pa.ssed  confining  speculation 
to  this  place  (68 : 1,  38)-     Law  became  the  most  important 
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personage  io  the  Tcolm;  the  siite-cbamber  of  the  regent  of 
Prance  was  deserted  by  the  courtiers;  scholars,  bishops  aad 
peers  who  woald  have  considered  it  an  insult  if  the  regent  had 
made  them  wait  half  an  honr  for  an  inlemcw.  thought  noth- 
ing of  waiting  five  or  six  hours  to  get  to  see  Monsieur  Law, 
£very  conceivable  scheme  was  devised  for  gaining  access  to 
bim ;  enormous  fees  were  paid  servants  by  some  persons  merely 
to  have  their  names  anuonuced.  One  fine  lady  hud  the  coAch* 
man  drive  so  as  to  overturn  her  carriage  as  she  was  about  to 
meet  Law,  hoping  that  his  gallantry  would  cause  him  to  come 
to  her  assistance:  another  gave  the  alarm  of  fire  in  order  to  get 
to  speak  to  bim  as  he  ran  out  (6S  :  I,  32).  To  use  Mackay's 
lanffuftge  (I.  44).  "Never  was  monarch  more  flattered  than  he 
wax.  All  the  small  poets  and  UlUratturs  of  the  day  poured  floods 
of  adulation  upon  him.  According  to  them,  he  n-as  the  Saviour 
of  the  country',  the  tulclar>' divinity  of  France;  wit  wns  in 
bis  words,  goodness  in  all  his  looks,  and  wisdom  in  all  his 
actions.  So  great  a  crowd  followed  bis  carriage  when  be  went 
abroad,  that  the  regent  sent  him  a  troop  of  horse  as  his  per- 
manent escort  to  clear  the  streets  before  him." 

But  this  state  of  things  could  not  last  always.  Prices  could 
not  continue  to  rise  forever.  Some  recovered  their  senses 
enough  to  think  of  this,  then  the  hitherto  unbounded  confi- 
dcncc  began  to  waver;  the  tide  was  turned;  fortunes  were  lost 
by  the  rapid  decline  in  stocks.  Law's  sincerity  was  questioned; 
he  became  the  most  cordially  hated  man  in  the  kingdom. — 
every  epithet  that  popular  hatred  could  suggest  was  burled  at 
bin.  An  attempt  was  made  to  mob  him;  the  carriage  in 
which  be  was  thought  to  be  was  set  upon  and  demolished. 
The  royal  carriage  and  an  armed  escort  were  put  at  his  dis- 
posal,— for  the  regent  had  not  lost  confidence  in  him,  but  Law 
soon  concluded  that  his  safety  could  be  as.sured  only  by  flight. 
His  property  was  confiscated,  even  contrary  to  a  special  edict 
that  should  have  prevented  it. 

History  has  furnishe<l  few  better  examples  of  frenzy  so  well- 
nigb  universal  and  of  so  long  duration,  and  also  of  the  extreme 
fickleness  of  crowds. 

While  this  mental  epidemic,  this  terrible  delusion  was  raging 
in  Paris,  the  plague,  in  its  severest  form,  was  raging  in  Mar- 
seilles. It  is  difficult  to  say  which  city  was  really  most  seriously 
disturbc<l. 

The  Soutk-Sta  BubhU.  While  France  was  wild  over  the 
Mississippi  Scheme.  Hnglnnd  was  suffering  a  similar  deltision, 
usually  known  as  the  South-Sea  Bubble.  It  promised  fabulous 
ibrtunes  to  those  who  would  take  stock  )u  the  company  or- 
ganized to  trade  with  the  South-Sea  countries,— certain  South 
American  states,  and  various  islands.     It  is  scarcely  too  much 
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to  say  that  for  tb«  greater  part  of  a  year  almo&t  all  England 
lost  its  seniiea, — the  wildest  fanaticisin  reigned.  Even  Parlia* 
mcnt  had  no  judgment  on  financial  questions;  the  encourage- 
ment it  gave  the  South-Se«  Company  did  much  to  augment 
the  evil.  The  stock  soon  began  to  rise;  it  w«nt  to  two  huodred, 
three  hundred,  four  hundred,  five  hundred,  and,  finally,  to 
one  thousand  per  cent,  Mackay  »ays  (I.  83).  '"Exchange 
Alley  [the  Wall  Street  of  London]  was  every  day  blocked  by 
crowds,  and  Corubill  was  impassahle  for  carriages.  Every- 
body came  to  purchase  Ktock,  'Every  fool  aspired  to  be  a 
knave."  " 

The  mental  contagiOD  was  so  powerful  that  the  people  be- 
came an  easy  prey  to  cheats,  frauds  and  swindlers  of  all  kinds. 
Dozeusof  other  schemes  of  the  most  extravagaut  kind  were 
started.  Some  do  not  belie\-c  it  possible  to  orgaiii/.e  a  company 
"to  make  deal  boards  out  of  sawdust,"  ycl  Maitland.  in  his 
"History  of  London,"  says  (68:1,87)  '*'"*  such  a  commny 
not  only  existed,  but  received  great  encouragement.  There 
was  another  "for  the  transmutation  of  quicksilver  into  a 
malleable  fine  mctnl,"  and  one  for  extracting  sil\-er  from  lead. 
A  company,  cspitaliiied  at  a  million  dollars,  to  construct  a 
wheel  to  be  run  by  perpetual  motion,  was  not  the  only  proof 
of  the  almost  universal  insanity.  'There  was  a  company  to 
make  square  cannon  ball.s.  Permits  to  join  a  company  which 
would  be  organized  "somelimc."  for  the  manufacture  of  a  new 
kind  of  sail-cloth,  were  sold  at  sixty  guineas  each, — the  stock 
had  to  be  paid  for  in  addition  to  this.  There  was  another, 
entitled  "A  company  for  carrying  on  au  undertaking  of  great 
advantage,  but  nobody  to  know  what  it  Lt."  Mackay  (I,  88) 
says  he  is  foliowini;  scores  of  credible  witnesses  when  he  states 
that  even  so  palpable  a  swindle  as  this  found  dupes.  Within 
five  hours  after  the  swindler  opened  his  office  for  the  sale  of 
stock,  a  thousand  shares  of  one  hundred  pounds  each  had  been 
sab.scril>ed  for,  and  partly  paid;  the  rascal,  finding  himself  in 
possession  of  two  thousand  pounds  for  so  little  outlay,  left  im- 
mediately for  the  continent,  and  was  never  heard  of  again. 

After  about  eight  months  the  South-Sea  Bubble  Inir-st,  be- 
cause the  unnatural  state  of  mind  could  not  last  always.  Prices 
fell  rapidly;  fortunes  were  lost  in  a  day;  many  who  were  wealthy 
in  the  morning,  were  paupers  at  night.  And  as  intimated 
elsewhere,  the  bitterest  feeling  was  aroused.  Parliament, 
which  had  given  encouragement  to  the  scheme  liefore.  now 
confiscated  the  property  of  the  organizers  of  Ibe  company. 

Th(  Tulip  Mania.  It  was  not  so  strange  to  see  the  mer- 
curial French  run  wild  after  a  chimera,  as  to  see  the  cold* 
blooded  Anglo-Saxons,  and  especially  so  prudent  a  people  as 
the  Dutch.    Yet  Holland  went  mad  over  the  tulip  about  a  ecu 
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tury  before  France  aud  Eiiglaud  ksd  Iheir  crazes,— or  more 
exactly,  Id  1634.  At  this  dale  "the  urdinary  ludu&Iry  of  the 
coaatry  was  neglected,  and  the  population,  even  to  the  lowest 
drcf^,  embarict^  in  the  tulip  uade"  (68:1,  141)-  I'^c  mania 
bad  reached  such  a  stage  in  1635  that  tulips,  like  precious 
stones,  were  »old  by  weight;  the  standard  was  the ^m/,  less 
than  one  grain.  Many  paid  as  niuch  as  100,000  florins  for 
Ibrty  bulbs.  Some  invested  their  entire  fortune  in  the  pur- 
crhose  of  one  bnlb.  If  a  nutn  had  no  money,  he  gave  what  he 
bad.  One  person  offered  twelve  acres  ol'  building  ground  for 
a  single  root  of  a  6ne  variety,  the  Haarlem;  another  gave  in 
exchange  for  an  Amsterdam,  "4,600  florins,  a  carTJagc,  two 
gray  horses  and  a  complete  set  of  harness"  (6S:I,  14a). 

In  view  of  alt  this,  we  are  not  suprised  that  a  sailor  who  ale 
a  tulip,  believing  it  to  be  an  onion,  was  put  in  prison  for  sev- 
eral moaths.  The  value  set  upon  that  particular  bulb  was 
$1.400 — enough  to  provision  a  ship's  crew  for  a  whole  year. 

Mackay  says  (1,147):  "Nobles,  citizens,  farmers,  mechanics, 
seamen,  footmeii,  mald-servaiits,  even  chimney  sweeps  ami  old 
clothes  ■women,  dabbled  in  tulips."  Those  who  had  property 
sold  it  at  ruinous  prices  io  order  to  become  speculators. 

It  should  be  said  Ihut  it  was  love  of  the  tlou-ers  that  led  to 
high  prices;  speculation  followed  naturally;  and  when  it  began, 
foreigners  caught  the  craze,  and  poured  into  Holland  from  all 
directions.  The  bulbs  were  publicly  sold  in  the  Stock  Ex- 
change in  J^ndon,  in  1636,  and  several  years  later  one  tnllp 
brought  seventy-five  i>ounds. 

In  Hollaud  it  became  necessary  to  enact  a  special  code  ol 
laws  for  the  guidance  of  dealers  in  tulips.  They  had  their 
tulip-notaries  and  tulip-clerks  who  devoted  all  their  time  to 
tulip  trade.  The  fever  was  at  its  height  for  about  two  years, 
when  the  people  regained  their  senses,  and  found  their  country 
practically  bankrupt  (6S:I,  147). 

VII.     L4T8R  Rbligious  Epidhuics. 

Interesting  phenomena  are  to  be  found  among  religious 
sects  even  as  far  back  as  the  beginning  of  the  second  century 
of  the  Christian  era.  The  Adamites,  who  prayed  nude,  the 
Ophiies.  who  worshipped  the  serpent,  the  Gnostics,  with  ihcir 
loathsome  religious  rites,  the  Monlanists,  who  always  carried 
lamps  aud  who  had  visions  in  which  they  saw  the  soul,  "soft, 
delicate  and  shining."  the  Simraiichiaus,  who  practiced  self- 
mutilation,  and  the  Massabiani.  who,  besides  ijiowing  other 
peculiarities,  always  carried  sacks  on  their  backs,  breaking 
forth  into  wild  leaps,  all  possess  \-cry  great  interest  from  our 
point  of  view,  but  because  of  the  limited  scope  of  our  under- 
taking it  is  considered  best  to  concentrate  on  certain  religious 
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^Ideates  of  iDodern  times.  Begmning  with  certain  sects 
which  arose  in  the  seveotecotb  century,  we  shall  ^ive  a  brief 
sketch  of  these  in  order  to  obtain  facts  for  a  comparative  «tady, 
and  then  take  np  more  fulljr  some  remarkable  examples  of  a 
later  date. 

George  Fox,  the  founder  of  the  Quakers,  claimed  to  have 
the  power  of  prophecy  and  clairvoyance,  and  also  of  miracu- 
lous bealintj.  His  mental  history  shows  striking  resemblances 
to  that  of  Mohammed.  He  spent  much  time  in  solitude,  and 
faftted  much.  Onoe  he  fell  into  a  trance  which  laslcd  fourteen 
days  (69:938).  But  it  is  the  peculiarity  of  the  sect  which  be 
founded  to  which  attention  is  now  to  be  gi\'en.  The  name 
given  to  the  sect  indicates  this  pecuHarily;  the  "quaking"  or 
trembling  which  overcame  them  while  engaged  in  worship 
was  sometimes  so  violent  that  even  the  house  in  which  tbey 
sat  seemed  to  be  shaken  ((/.  Art.  "Qnakers,"  in  Encyclopedia 
Britianica). 

The  Ranters  and  Fifth-monarchy  meo  who  arose  about  the 
same  time.  i.  f.,  about  the  middle  of  the  seventeenth  century, 
were  not  affected  so  much  by  these  convulsions,  bnl  were 
even  worse  in  their  wild  fanaticism  or  mental  aberration.  In 
1657  the  Pifth-monarcby  men  formed  a  plot  to  kill  Cromn-ell; 
and  later  they  broke  out  in  insurrectiou,  claiming  to  have 
Jesus  as  their  leader.  Troops  were  called  out  against  them 
and  most  of  them  were  slain. — they  would  not  yield  because 
they  considered  themselves  inviucible  (69  :  93). 

At  the  end  of  the  seventeenth  century  the  Cevennes,  or 
French  phophets,  another  sect  of  convulsionists  arose,  and  be- 
ing driven  from  their  own  countrj-,  spread  the  disease  in  Ger- 
many, Holland  and  England;  in  the  latter  country  it  came  to 
the  attention  of  Charles  Wesley,  who  considered  the  contor- 
tions of  the  body  to  which  the  victims  were  subject,  as  the 
work  of  Satan.  Evidently  Wesley  did  not  suspect  that  later 
his  brother's  preaching  would  produce  similar  results,  yet  it  is 
among  bis  followers  that  some  of  the  best  examples  are  to  be 
found.  Indeed,  Wesley's  biographer  seems  to  consider  it  an 
honor  to  Wesley  that  he  could  compare  so  favorably  with 
Whiteficld  in  this  respect  (69  :  940).  And  Wesley,  so  far  from 
seeing  anything  diabolical  in  it,  "acknowledged  the  finger  of 
God."  It  is  interesting  to  learn  from  his  description,  that 
even  sceptics  might  be  attacked  while  watching  those  affected 
(6o:94of.), 

The  Jumpers,  who  arose  in  Wales  about  1740,  are  described 
by  Wesley  as  presenting  the  same  phenomena  that  we  have 
found  among  bis  own  followers.  According  to  him,  "they 
would  sing  the  same  song  over  and  over  again,  thirty  or  forty 
times,   till   some  of  them   worked  themselves  into  a  sort  ol 
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drnnkeoDcss or  madness;  then  tbey  were  violently  agitated  and 
letped  up  and  down  in  all  manner  of  poisturea  frequeutty  for 
hours  together"  (69:940). 

Just  about  a  centurj-  after  the  fbandinf[  of  the  Quakers,  by 
Fox.  another  similar  sect  arose  of  which  the  raling  spirit  was 
"Mother"  Anue  Lee.  whom  her  followers  believed  to  be  the 
reincarnation  of  Christ.  She  and  her  followcm  claimed  the 
gift  of  prophecy,  the  gift  of  healing,  and  sometimes  the  gift  of 
ton|[nes.  Their  name  also  wa.s  yiven  them  because  of  the  vio- 
lent shaking  which  usually  came  upon  them  during  their  wor- 
ship. Dancing  was  considered  a  part  of  worship,  according  to 
their  ownhtslorians  (69  :  941-3).  After  their  removal  to  New 
York,  near  the  close  of  the  eighteenth  century,  many  grave 
charges  were  made  against  them,  and  some  of  these  are  admit- 
ted by  the  Shakers  themselves.  Thomas  Brown,  who  was  for 
a  time  a  member  of  the  Shaker  society,  and  who  has  given  u^ 
an  excellent  history  of  that  sect,  says  (p.  323)  that  it  was  their 
ctistom  to  shut  themselves  in  from  the  world,  and  dance  ahso- 
iDtely  naked,  men  and  wiimcn  tugethcr;  yet  strange  to  say,  he 
dcnit»  the  rumors  that  the  grossest  immorality  was  practiced 
on  these  occasions. — he  even  says  that  one  young  woman  was 
stripped  naked  and  publicly  whipped  for  manifesting  improper 
desires.  lo  the  face  of  ^1  this  one  is  naturally  curions  to 
know  what  this  historian  is  keeping  back  in  regard  to  the 
practices  of  these  people,  for  he  says  there  are  some  things 
which  modesty  forhids  him  to  speak  of. 

About  the  time  the  Shakers  arose  in  England  the  Coovtil- 
sionoaires  arose  in  France.  The  grave  of  a  greatly  beloved  man 
had  been  visited  for  years.  Finally  it  was  rcjwrted  that  mira- 
cles bad  taken  place  at  his  grave;  the  excitement  caused  was 
ao  great  that  some  were  s«iM:d  with  "convulsions  and  tctaaic 
spams."  This  caused  multitudes  to  go  to  the  cemetery  daily 
to  witness  the  strange  spectacle.  The  excitement  assumed 
such  proportions  that  Lonis  XV  issued  an  order  that  the  ceme- 
tery should  be  closed. — but  laws  are  powerless  under  sncb  cir- 
cumstances. The  number  of  \Hctlms  increased  to  such  an 
extent  that  soon  there  were  almost  a  thousand  Convulsionnaires. 

Many  of  the  patients,  in  addition  to  suScring  from  convul- 
sions, were  attacked  by  violent  pains,  which  were  relieved  by 
their  friends  (called  ucouriift),  by  very  rough  treatment,  as 
were  the  dancers  of  the  Middle  ages.  According  to  Heckcr 
(p.  148}.  "the  su&crcrs  were  beaten  and  goaded  in  various 
parts  of  the  body  with  stones,  hammers,  clubs,  swords,  etc ,  of 
which  treatment  the  defenders  of  this  extraordinary  sect  relate 
the  most  astounding  examples,  in  proof  that  severe  pain  is  im* 
peratively  demanded  by  natnrc,  in  this  disorder,  as  a  counter- 
irritant. — It  is  stated  that  some  Convulsionnaires  have  borne 
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from  six  to  eight  thousand  blows,  .  .  .  without  danger. "  This 
atithur  Hays  further  {lot.  eil.),  that  "sonielimes  the  patients 
bounded  from  the  ground  impelled  by  the  convulsions,  like  a 
fish  when  out  of  water;  hence  It  is  not  ittrange  that  women  and 
girls,  not  wishing  to  appear  indecent,  put  on  gowns  made  like 
sacks,  dosed  at  the  feet.  .  .  .  They  showed  great  agility,' 
.  .  .  and  it  i^  scarcely  nece«sar>-  to  remark  that  the  female 
flcx  especially,  was  distinguished  by  all  kinds  of  leaping,  and 
almost  inconceivable  coiiIOTliims  of  the  body.  Some  spun 
round  on  their  feet  with  incredible  rapidity,  as  is  related  of  the 
dervishes;  others  ran  their  heads  against  walls,  or  cur\-ed  their 
bodies  like  rope-dancers,  so  that  their  heels  touched  their 
shouIdeTB. ' ' 

This  mania  of  iheConvulsionnaires  continued  to  rage  for  about 
sixty  years,  or  until  the  upheavals  of  the  French  RevoltttioD 
struck  it  a  blow  that  weakened  its  force,  and  gradually  brought 
it  to  an  end.  The  moral  condition  of  the  community  during 
this  time  is  hard  for  us  to  realize.  "The  grossest  immorality,'* 
sayn  Hecker  (p.  149),  "found  in  the  secret  meetings  of  the 
believers,  a  sure  sanctuary,  and  in  their  bewildering  devotional 
exercises,  a  convenient  cloak."  Secret  meetings  are  Ajxiken  ot 
in  this  quoliitiou: — in  the  year  1762.  parliament  pasted  a  law 
against  the  "Grands  Sccours,"  or  their  harsh  method  of  treat- 
meot.  and  this,  to  them,  was  virtually  a  law  against  their  reli- 
gion; or  at  least,  a  law  against  public  meetings,  for  they  felt 
that  they  niu.'it  "cure"  the  suffering  even  if  they  bad  to  have 
Secret  meetings  for  that  purpose;  and  so  from  this  time  on  they 
met  in  secret.  Whether  these  extravagances  continued  or  uot 
after  the  Revolution,  I  haix  been  nnahic  to  ascertain;  the  sect 
was  still  in  existence  at  the  end  of  the  first  quarter  of  the  nine- 
neenth  century,  but  wiihont  the  convulsi«n.s  (49:150). 

We  may  say  that  religious  mania  was  not  only  epidemic,  but 
pandemic,  during  the  eighteenth  century,  for  it  spread  through- 
out America  as  well  as  Europe.  And  as  America  furnishes 
some  of  the  latest  and  best  material,  all  further  informatioB 
may  he  drawn  from  our  own  country. 

Although  the  epidemic  was  not  confined  to  any  particular 
.section,  the  best  example  is  the  one  known  as  the  Kentucky 
Revival,  which,  about  the  end  of  the  ccntur>',  swept  over  scv- 

^ThcTc  was  a  diseatc  in  Scotland  at  about  this  date,  potaettsins  Ui« 
pbytlcal  pcculiarlttcK  of  the  rcliglou!  iiiBiiins,  in  a  soinewllat  dlHereat'l 
and  esagReiatcd  form.  Tticy  had  fits  ol  dancing.  dDrlng  which  tbey 
bad  all  the  appearance  of  tDodness;  often  they  ran  witb  wondcrfnl 
apeed,  even  ov«r  very  daugcrous  ground;  lowetimcs  when  confined 
in  tbc  house  they  would  cHinb  in  a  inost  Hingulai  manner,  ieaping 
from  ouc  croa*-beatn  to  anottaei'  with  the  agitity  of  a  cnl,  or  whirling 
arouud  one  "wItU  a  motion  rcscuibllug  tbe  Ay  ol  a  tack." — iy.  Bdin- 
bargb  Med.  and  Surg,  Jour.,  Vol.  Ill,  p.  434- 
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eral  states,  but  cvntrcd  in  Kentucky.  Here  everything  else 
dwindled  into  insignificance,  and  for  four  or  five  years  all 
minds  were  concentrated  on  religion.  During  this  time  camp- 
meetings  were  in  almost  continuous  progress,  and  people  came 
in  wagotLs  forty  or  fifty  miles,  bringing  provisions  enough  to 
last  while  the  meetings  continued.  To  borrow  the  language 
of  Dr.  Davidson,  who  lias  written  a  history  of  this  revival, 
"the  laborer  (jiiitted  his  task,  age  snatched  bid  cnitch.  youth 
forgot  his  pastime,  the  plough  was  left  in  the  furrow,  business 
of  dll  kinds  was  suspended,  bold  hunters  and  sober  matrons, 
yonng  men,  maidens  and  little  children  flocked  to  the  common 
centre  of  attraction."  The  usual  estimate  of  the  number  of 
people  present  at  Cane  Ridge,  where  the  greatest  excitement 
prevailed,  is  twenty  tboQsand  (63:26),  though  some  have 
thought  that  this  uumber  should  be  doubled. 

A  crowd  of  this  kind,  oppressed  by  a  "pungent  sense  of  sin," 
when  gathered  together  for  the  purpose  of  worship,  would, 
even  with  less  cmolinnal  and  impaiutioned  preaching,  develop 
no  small  degree  of  excitement, — and  this  was  redoubled  nnder 
the  conditions  usually  present  in  these  meetings.  One  most 
remember  that  the  meetings,  which  had  continued  probably  the 
gicaicr  part  of  the  day,  were  prolonged  till  late  at  night — in- 
deed, usually  even  until  morning,  during  all  of  which  time 
songs  were  sung,  fervent  prayers  were  offered,  and  perfervid 
preachers  picturtrd  the  glories  of  heaven,  or  the  horrors  of  hell, 
iQwords  that  burned.  The  glaring  light  of  camp-fires  reveal- 
ing long  ranges  of  tents  through  the  darkness,  the  light  ot 
flashing  torches  and  fiickcring  candles  falling  upon  the  dense 
mass  of  peonl«  and  showing  thousands  of  heads  bowed  in 

Sirayer,  and  the  groans,  the  sob*  and  the  shrieks  of  those  suf- 
Cting  intense  anguish  of  mind,  all  conspired  to  make  the  scene 
more  weird,  "to  inve.st  it  with  terrific  interest,"  and  thus  pro- 
duce that  delirium  of  excitement  the  like  of  which  has  never 
been  seen.  One  other  factor  contributing  to  this  end  was  the 
fiict  that  women  and  children,  as  well  as  men,  preached;  the 
preaching  of  one  little  girl  of  seven  and  a  boy  of  twelve  were 
said  to  be  especially  eSective  (1 13:499  f.). 

The  physical  effects  that  followed  on  these  occasions  wcrx: 
most  remarkable.  A  great  number  were  seized  with  an  impulse 
to  leap  or  jump,  from  which  fact  the  people  connected  with  the 
revival  arc  geoeislly  koowu  in  Europe  as  the  "Jumpers," 
although  that  was  one  of  the  least  interesting  of  the  physical 
charmct eristics.  Some  became  cataleptic  and  remained  in  that 
condition  from  a  few  minutes  to  several  days  (iijtsoi). 
Many  were  affected  with  the  "jerks,"  a  spasmodic  contraction 
of  the  muscles  which  sometimes  caused  the  head  to  tarn  from 
side  to  side  with  such  rapidity  that  the  features  were  iudistin- 

JOUKNKt,—4 


Ofe 


s* 


GOWBK: 


gnliblble  (113:503):  sometimes  the  whole  body  was  effected 
and  tbe  head  w&s  jerked  backward  aud  forward  so  violently 
tlut  tbe  head  almost  touched  tlie  floor  behind  and  before 
( 1 13:503)-  Bnd  the  reversal  of  the  motion  was  so  sadden  tha 
the  hair,  if  it  was  long,  would  "crack  and  snap  like  a  whip 
lash"  (i>3:503)-'  According  to  Barton  W.  Stone,  one  of  the 
most  prominent  religious  leaders  of  his  day,  it  was  not  alone 
the  weak  in  body  and  mtnd  that  were  subject  to  these  violent 
convulsions — but  "all  classes,*  saints  and  sinners,  tbe  strong 
as  well  as  the  weak"  (113:503),  and  in  the  same  connection  be 
says  he  has  seen  some  thrown  to  the  earth  by  the  violence  of 
their  convniUions  while  they  were  cursing  the  jerks.  But 
while  it  is  true  that  all  classes  and  all  ages,  from  tbe  child  of 
six  or  less*  to  the  man  of  sixty  were  subject  to  these  coBval- 
sious  (85:5  f.).  it  is  also  true  that  women  and  children  were 
more  commonly  uSecied,  and  according  to  Dr.  Felix  Kobcrtson 
(p.  5).  particularly  those  from  fifteen  to  twenty-five, 

Richard  M'Nemar,  who  was  one  of  the  preachers  io  the  re* 
vival,  and  who,  as  an  ai>oIogist,  would  certainly  not  exagger- 
ate, says  (p.  61)  that  some,  stretched  at  full  length,  rolled  on 
the  ground  like  a  log  for  hours  at  a  time,  others,  drawn  double, 
with  bead  and  feet  together,  rolled  round  and  round  like  a 
wheel,  and  still  others  were  dashed  to  the  ground  and  "bounoed 
froto  place  to  place  like  a  football."  Evidently  it  is  this  last 
phcnomenoa  which  Hecker  (p.  148)  and  McMaster  (p.  58) 
aeacribe  in  a  more  fitting  figure  when  they  compare  the  mo- 
tions of  the  sufferer  to  those  of  a  live  fish  out  of  water.  Others, 
according  to  Mooney's  report  (p,  963),  hopped  alxjut  like  frogs. 

After  the  convulsions  began  in  violent  form,  the  sufferer  was 
absolutely  powerless, — he  was  as  a  leaf  in  a  whirlwind;  *   but 

'  Dr.  Davidson  wouM  not  record  cases  ot  this  kind  nntil  be  got  in- 
formatioti  from  eyf-witneBBes.  Dr.  YanJell  followed  hit  cxatnple.  I 
call  jnlroiiucc  the  same  Vind  of  testimony,  (or  ray  grand tnotber  wit- 
nessed tbe«e  pcculiac  v>l^euotiiena  anioiig  the  jerkers  iu  TcancMee. 

'  I.oreuzo  Dow,  oae  of  the  reviralists.  id  describing  hia  taeetintt*  at 
Bud  near  Kuoxrllle.  TeancMee.  sayi:  "I  have  acca  MethodUts.  Itap- 
lists,  Quakers,  Church  o(  England,  and  Independents  esercltrd  with 
the  jerks — gcntletnea  and  ladies,  black  and  white,  ilch  and  poor  with- 
out  exception.  Those  philosophers  who  wish  tOK^t  it  to  philoiophixe 
upon  it  and  the  most  K'^ly  are  eircplcd  from  the  jerks.  The  wicked 
arc  more  afroiil  of  it  than  the  »ni«ll-pox  or  yellow  fever."  The  Pre*, 
hylcriaut  might  have  been  added  to  the  list  of  deuominatioaa  he  gave, 
(or  it  was  amoDg  them  that  the  Kentucky  Revival  bc(:aii. 

'Jonathan  Edward*  [3  :  138)  tells  of  a  child  of  four  being  so  affected 
iu  aii«  of  bis  meelings;  in  (act.  Edwards  gave  apecial  attentioa  to 
children  and  was  anxious  t9  get  as  many  as  possible  under  thla  In- 
6Hcac«(/of.  cif)- 

*  It  waa  impos*ibIe  to  qniet  one  who  had  the  convnlsions;  all  effort* 
ia  that  direction  nnually  made  one  worse:  and  besides,  one  man  coaid 
scarcely  be  leslraincd  by  fire  or  six,  so  great  was  his  fitreu);th  when 
in  this  condition  (49:144). 
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when  they  came  in  the  forin  of  the  jerks,  which,  in  the  earlier 
sMges,  were  mere  twilchings  of  the  limbs  and  muscles  that 
move  the  head,  the  suScrcr  might  protect  himself,  in  a  measure, 
by  holding  to  some  stntionnry  object.  In  some  places,  when 
clearing  the  ground  to  make  an  opening  to  accommodate  the 
crowds,  saplings  were  cut  off  breast-high  and  left  "for  the 
people  to  jerk  by."  McMaster  (p.  581)  refers  to  one  place 
where  there  was  quite  a  grove  of  these  stumps  around  which 
the  earth  was  kicked  up  "a.i  by  a  horse  stamping  Sies." 

Many  fell  suddenly  to  the  earth  as  in  an  epileptic  fit;  this 
was  called  "the  falling  exercise."  One  person's  falling  seemed 
to  be  the  signal  for  others;  in  other  words,  it  was  very  conta- 
gious. Where  these  vast  crowds  were  assembled,  the  number 
of  thow  affected  rttn  into  the  hundreds;  indeed.  M'Nemar  re- 
ports Cp.  a6)  that  on  one  occasion  three  thousand  fell;  this 
statement  is  made  on  the  basis  of  an  actu.t!  attempt  to  count 
the  "spiritually  slain,"  as  those  who  fell  wt-rc  called.  These 
were  taken  away,  to  prevent  their  being  trampled  upon  by  the 
jampers,  and  laid  in  rows  in  the  met:ting-housc.  which  was  re- 
served for  this  purpose — the  preaching  being  in  the  open  air. 
Some  of  these  persons  v.-eie  unable  to  move  for  quite  a  while; 
some  could  merely  kick  the  iloor  with  their  heels:  some  were 
soon  up  and  among  the  jumpers,  the  ierkers  or  the  rollers,  or 
perhaps  mshing  wildly  about  in  the  forest  (63:581). 

There  was  another  class  known  as  the  "barkers;" '  accord- 
ing to  Brown  fp- 343)  and  M'Nemar  (p.  62)  both  of  whom 
were  on  the  ground,  people  would  gel  down  on  all-fours  and 
bark  and  growl  like  dogs.*  Mooney  (p.  943)  adds  that  they 
would  get  down  in  front  of  the  preacher,  and  bark  as  long  as 
he  preached.  At  first  those  who  had  the  barks  felt  very  much 
humiliated  at  being  compelled  to  do  a  thing  that  seemed  so 
degrading,  but  later  they  were  regarded  as  possessing  a  larger 
measure  of  the  Holy  Spirit  (69:943)1   probably  it  was  then 

'  BHrkinic  waniM  have  broken  out  liom  time  to  IJmc  since  the  fiftli 
century,  bill  they  aie  not  nectssarlly  connected  witb  rcliciuu.  Some- 
tiraca  the  imitation  u  of  a  cat,  a  ihecp,  or  a  dove,  iuntcad  of  a  dog. 
See  Diet.  Psycli.  Med.,  Vol- I,  p.  43^:  Hnveloclc  Kllia,  "Mas  and 
WamBn"  <nd.  1904).  p.  35J;  Calmeil.  De  la  folic,  t.  I,  p.  JiJ. 

*Tbia  pcrfoimanec  baa  been  clmely  paralleled  in  recent  year*  by 
Mine  of  the  RiimUh  *ect*.  Bc«ide4  inaiiifciitinK  tlie  more  common 
phytieal  phenomena,  including  the  dance,  tbc  wbirtiiiK  of  llie  der- 
vltbe*.  and  coiivutiioni,  "mcD  and  women  tear  oS  their  gnrmenti  aod 

SI  aboDt  on  all-(out«,  ride  on  one  aoother'n  boclcs,  nnd  give  way  to 
e  acxual  eietbUm  wtiich  had  been  exahed  to  tbc  bi^lic*!  point" 
(Bllla.  JJ3-4),  yet  tbey  call  Ibcmsclvci  Chritti,  and  actually  claim 
to  posMse  a  portion  of  divliitty,  and  to  be  worthy  of  aaoratioa; 
it  la  edmltted  that  they  are  aicetic  under  nofiual  condtttoni,  bat 
are  catrjed  beyond  themMlTca  by  an  excitement  which  they  be- 
lieve is  of  divine  OTsgln. 
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that  the  disease  became  more  persistent,  for  we  are  told  that 
aome  continued  their  barking  "itom  month  to  month"  (63:61). 
It  scarcely  need  be  mention^  that  all  who  participated  in  thcKc 
mcetinK^  believed  all  these  phenomena  to  be  the  manifest  at  ion 
of  the  Holy  Spirit  which  bad  tiiken  possession  of  the  man.  soul 
and  body.  It  is  interesting  to  note  Ihat  in  the  Middle  Ages, 
phcnomcnn  similar  to  these  were  attributed  to  the  devil,  and 
the  "possessed"  were  exorcised  by  the  priests.  It  is  interest- 
ing, furthermore,  to  notice  that  the  faith  of  those  who  believed 
in  the  divine  inSiience  u-<is  never  shaken  by  the  fact  that  cold 
water  dashed  on  a  suSercr  might  cure  him.' 

The  barker>  finally  learned  that  dancing  would  give  relief, — 
that  it  would  as  it  were,  draiu  off  the  surplus  nervous  excite- 
ment, and  they  preferred  voluntary  dancing  to  involuntary 
barking,  according  to  M'Xemar  (pp.  63-3).  One  of  the  min- 
isters, so  the  same  author  says,  set  the  example,  and  soon  the 
dance  came  to  be  regarded  as  a  part  of  the  worsliip  (63  :  60). 

The  "holy  laugh"  was  another  peculiar  feature  of  this  revi- 
val. Sometimes  while  the  sermou  was  in  progress  half  the 
congregation  would  be  laughing  aloud  in  the  most  scnouit 
way — if  it  be  not  a  contradiction  to  say  so — for  they  regarded 
it  as  «  part  of  ihe  worship  (113  :505). 

One  would  naturally  expect  many  serious  injuries  if  not  a 
few  fatalities,  from  the  violent  actions  of  those  so  powerfully 
affected,  but  singularly  enough,  we  find  no  record  of  such;  on 
the  contrary  we  are  told  (18  :346-7;  69  :943)  that  very  few 
hurts  were  received,  and  those  were  not  at  all  dangcTons. 
Evidently  those  most  under  the  influence  of  the  excitement 
were  lurgely  if  not  wliolly  anaesthetic.  This  was  (Joufirmtd  by 
accident  in  one  ctue.  A  physician  administered  hartshorn  to 
a  youug  man  who  bad  fallen,  in  order  to  revive  him,  and 
spilled  some  in  his  nose,  but  he  took  no  notice  of  it  (113:503). 

There  is  reason  to  believe  that  all  the  after-effects  have  not 
been  recorded  hy  the  bLstoriaus  of  the  revival;  aud  this  is  not 
strange,  for  being  themselves  participants,  they  might  natu- 
rally, as  apologists,  keep  silent  on  the  most  objectionable  fea- 
tures, or  at  least  fail  to  attribute  them  to  their  true  cause.  In 
view  of  the  results  of  such  excitement  in  other  places  one  ia 
surpriiBcd  not  to  find  record  of  more  cases  of  permanent  in.-ian- 
ity.     If  the  New   England   Revival  *  which  did  not  by  any 

'.^  miiil«tcr  \a  tile  ShetUad  loUad*  having  lib  scrinoDS  (fcqiienily 
intcrmpted  by  eeverkl  members  who  ircre  subirct  to  tbcsc  convulsive 
sltack-i,  Annoaticei)  to  bis  coDgreftatinii  tbat  imniersioii  la  roM  wntci 
wa«  tbe  most  effectual  remedy  Vaowu  for  that  trouble,  aud  that  iu 
fnluTc  those  wbo  were  att*oke<I  woold  he  taken  to  a  near-by  lake.  It 
Dcrd  K-arccIybc  saiii  tbnt  beitcTcr  bad  occation  fo  use  the  remedy. 

*Tbe  New  Kiitflsiid  Revival  nlartct  in  1734  under  the  preaching  of 
Jonathaa  EdnarJs;  liut  tlie  cxtravaf-acces  of  this  were  far  «ari>aMed 
by  the  Great  Awalccning  which  occurred  lire  yean  later.    Tht*  was 


4 


PRSTILEKCSS  AND  OTBBR   BPIDSUICS. 


53 


means  assume  the  proportions  of  the  Kentucky  Revival,  re- 
sulted in  a  mania  for  suicide  (62a  :  11,  159)  it  would  be  ex* 
peeled  that  mcncil  al>errntion  would  not  be  absent  from  the 
Utter.  It  is  probable,  also,  that  the  bealtb  of  many  was  per- 
manently injtircd;  in  fact  we  are  lold  (49:152)  that  many  re- 
tained for  life  some  ncrv-ous  disorder  which  resulted  from  the 
excessive  excitement.  Inlerestiu};  ca5«s  in  q  different  section 
of  the  conntry  will  he  given  in  another  conncclion. 

White  the  Kentucky  Revival  proper  ended  about  1805  (hav- 
inj;  begun,  a.'*  usually  reckoned.  In  iSoo),  that  variety  of  reli- 
gions excitement  has  continued  even  down  to  the  present.  A 
wave  which  would  have  been  considered  remarkable  but  for 
being  overshailowed  by  that  which  we  have  described,  over- 
ran Ohio,  New  York  aud  some  of  the  New  England  states 
•bout  the  middle  of  the  last  cfntnry;  but  since  that  time  Jt  has 
constantly  decreased  as  an  epidemic,  and  grown  milder  in  form. 
I  have  studied  the  question  at  first-hand  in  some  of  the  South- 
ern Males  which  were  so  much  nffcctwl  by  the  Kentucky  Re- 
vival, and  I  find  that  jumping,  or  shouting  as  it  is  now  usti- 
■lly  called,  is  practically  the  only  "bodily  affection"  in  recent 
years,  and  even  this  is  not  common.  Other  sections  of  the 
country  now  ha%-e  severer  forms  than  1  have  met  with  even 
among  the  negroes  of  the  South  within  the  last  decade.  The 
Holy  Rollers  were  to  be  seen  in  Worcester,  Mass..  only  two  or 
three  years  ago;  the  Holy  Jumpers  are  found  in  several  of  the 
Western  states  to-day.  The  Shakers  in  Maine,  Prince  Edward 
Inland,  and  pt-rhaps  tn  other  places,  still  pre.senl  the  same 
peculiarities,  and  consider  dancing  a  part  nf  the  divine  service. 

Since  the  great  revival,  aud  particularly  in  the  laiit  qnarler 
of  a  centnry.  a  number  of  sects  have  sprnng  up  which  make 
eveu  more  extravagant  claims  than  those  a  century  ago.  Like 
these,  they  claim  to  see  visions  and  to  apeak  vith  tongues; 
many  of  them  claim  to  work  miracles,  and  some  claim  to  be 
Christ  reiitcaniate.  The  Millerites,  founded  in  1831,  and  now 
nnmlwring  about  twenty  thonsand,  .■(till  hold  together,  not- 
withstanding their  disappointment  at  Christ's  failure  to  return 
to  earth  in  1S43,  "-''  '^^>'  ex]>ected.  The  Beekmanites,  founded 
in  Illinois  in  1875,  by  Mrs.  Ueckman,  and  now  presided  over 
by  her  successor.  Scbweinfurth.  both  of  whom  have  claimed  to 
be  Christ,  still  gain  new  members.     In  t88S,  n  man  by  the 


tlie  l(me  of  tfao  excitement  sronted  in  Englanil  hy  the  W«»l«Ta  and 
Wbitcficid;  in  lmc%.  they  mwlc  a  visit  to  America  liuHcK  t^i*  Tcrival, 
ajlil  Whitcflrld  took  qaltc  ail  active  part  in  it.  All  *ucb  rouvillMT* 
religloDS  «pl<icmlcs  are  rvgarded  by  Wkke,  Hecker  and  Uaeeer 
(44  :  II,  179J  as  fotmi  o[  the  daaciog  maDia.  Port  (p.  363.  5)  ai(reea 
villi  these  writotii  a«  to  the  onlwaid  Tetcmblanoe  of  the  relTxloQs  to 
the  ilanclug  epklemic,  but  lie  differ*  as  to  the  caate. 
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name  of  Brown,  Dear  Chattanooga,  Tennessee,  claimed  to  be 
the  risen  CbriBt,  and  was  actually  worshipped  as  such.  Some 
of  bis  followers  oHenng  to  die  to  prove  their  faith,  the  sheriff 
stepped  in  and  drove  Brown  from  the  neighborhood.  A  year 
later,  a  similar  craze  arose  amonj;  the  negroes  of  Georgia  and 
South  Carolina.  A  nnmbcr  of  negrocii  claimed  to  be  Christ, 
and  a  sect  known  as  the  "Wilderness  Worshippers"  was  formed, 
and  a  temple  and  mi  nrk  were  built.  When  their  enthu-siosm 
led  to  the  killing  of  a  woman,  the  leaders  were  adjudged  in- 
sane and  sent  to  the  asylum;  many  others  were  put  under 
arrest  and  held  in  cnstody  till  the  excitement  died  out.  At 
the  same  time.  Indiana,  Illinois  and  Missouri  were  visited  by 
the  "Heavenly  Recruitu,"  who  showed  the  siimc  extravagance 
of  mental  aod  physical  phenomena,  till  the  civil  authorities 
"put  a  stop  to  the  mental  and  phynical  demoralization  (69:944 
ff.).  "Zion"  and  "Sbiluh"  being  just  now  at  their  height, 
need  but  to  be  mentioned.  The  Doukhobors,  one  of  the  roost 
intcreMing  of  modern  .-iccts,  persecuted  by  the  Russian  govern- 
ment, defended  by  Tolstoy,  and.  finally,  allowed  to  seek  refnge 
in  Canada,  must  also  t>e  omitted  here. 

Such  striking  parallels  are  found  among  the  Indians  that  it 
wilt  be  well  to  mention  one  or  two  of  them  before  leaving  this 
subject  The  Indians  of  Puget  Sound  have  a  sect  of  Shakers; 
it  was  founded  in  1&&2  by  an  Indian,  John  Slocum.  who  mis- 
took his  delirious  dreams  in  a  spell  of  sickness  for  a  heavenly 
vision;  who,  in  short,  believed  he  had  been  to  the  gates  of 
heaven,  and  had  talked  with  Christ  face  to  face.  Having,  as 
they  believe,  a  direct  revelation,  they  do  not  care  for  the  Uilile. 
While  their  worship  is  characterised  by  some  extravagances, 
especially  by  dancing,  their  life  is  above  reproach.  They  make 
special  war  on  drunkenness,  gambling  and  such  vices,  they 
preach  honesty,  sobriety,  temperance  and  right  li%'iRg>  and 
they  practice  what  they  preach  (69;  759). 

The  Ghost  Dancers  originated  about  1890.  through  the  work 
of  Wovoka.  another  Indian  who  saw  "visions."  and  was  tnin- 
sported  to  heaven  during  delirium,  caused  by  fever.  Though 
generally  known  as  the  "Messiah,"  and  usually  believed  to 
have  assumed  that  title  himself,  he  repudiates  all  claims  to 
divinity,  but  he  does  claim  to  be  in  constant  communication 
with  God,  and  maintains  that  he  has  l>e€n  given  pt)Wcrover 
the  elements;  he  actually  opened  negotiations  with  the  powers 
at  Washington  "to  keep  the  people  of  Nevada  informed  of  all 
the  latest  news  from  heaven,  and  to  fumi-i^h  rain  whenever 
wanted,  for  a  small  consideratioD  paid  at  regular  intervals"  (69; 
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i'beir  ceremony  consists  in  forming  a  circle,  joining  hands, 
and   marchiug  around  the  leader,  singing  songs  of  suitable 


PBSTn.KNCES  AND  OTHHR  RPIDBMICS. 


55 


rthis  is  kept  up  till  some  become  entrauced,  or  as  tbey 
It,  "go  to  the  spirit  world."  Most  who  go  imo  trnace 
become  cataleptic,  and  are  usually  allowed  to  fall  heavily  to 
the  ground.  They  may  remain  in  this  rigid  and  unconscious 
condition  for  a  few  minutes  only,  or  for  hours.  In  many  in- 
stauces,  the  entranced  person  will  spin  around  lilce  a  whirling 
dervish,  or  maintain  some  difTicult  po^tnrc  for  a  length  of  time 
that  would  be  impossible  for  one  ia  the  normal  condition 
(69:525  fif.)-  Mr.  Mooney.  of  the  department  of  Ethnology 
at  Washington,  saw  a  young  Arapaho  become  rigid  in  trance 
night  after  night.  According  to  him  (p.  924).  this  young  man 
took  part  in  the  terrible  sun  dnncc  later,  "dancing  three  days 
and  nights  without  food,  drink  or  sleep." 

The  belief  that  the  Mes-tinh  was  going  to  rcitore  the  old  or* 
dcr  of  things  and  make  all  Indians  invulnerable  caused  the 
dance  which  he  instituted  to  be  generally  engaged  in,  and  the 
excitement  to  which  it  led  to  become  more  widespread.  It 
was  this  excitemeut  added  to  hunger  that  brought  to  a  focus 
the  disturbance  that  led  to  the  tragic  death  of  Sitting  Bull 
(69:845  ff. ).  This  failure  of  their  prophecies  to  come  true 
shook  their  faith  and  caused  the  Ghost  Dance  almost  to  cea.se 
for  a  time  in  certain  tribes. 

There  is  a  peculiar  religions  disease  variously  known  (ac- 
cording to  its  form  and  also  tothe  place  whcreit  is  found)  as 
lata,  latteb,  ikota  and  klikuschi.  lu  America  and  South 
Africa  it  is  found  without  the  religious  a.specl.  In  lhi.s  coun- 
try the  people  who  are  aSected  with  it  arc  called  the  "Maine 
Jumpers"  or  "Jumping  Prenchmeu."  According  to  Dr.  Beard, 
who  made  a  personal  study  of  them  (10:170-92),  they  are,  as 
a  rule,  mere  automata,  obeying  everj-  command  and  imiiating 
every  action,  regardlewtofdangcrto  themselves  or  olhen*.'  Con- 
scqtiently  they  5uffi:r  much  at  the  hands  of  thoughtless  or  cruel 
peraous.  Some  of  them  who  are  hotel  waiters  have,  when 
commanded,  droppc<^l  dishes,  or  thrown  glasses  iteross  the 
room;  others  hsve  been  made  to  strike  their  6sts  through 
glass  doors,  and  even  jump  off  high  embankmeutii.  Similar 
tricks  are  played  on  the  Javsucsc,  who  suffer  from  lata.  Ac- 
cording to  Mr,  Havelock  Kills  (p.  336)  if  one  throws  off  his 
coat  in  the  presence  of  a  woman  who  is  affected  with  this  di- 
sease, she  will  immediately  uudress  or  do  any  other  indcceut 
act  that  she  sees  any  one  else  do,  yet,  at  the  same  lime,  she  may 
be  very  indignant,  and  may  all  the  while  abuse  the  one  who 
causes  her  to  do  such  thitigs.  According  to  this  same  writer, 
a  man  who  was  subject  to  lata  was  playing  with  his  child, 

I  For  mtjcb  penonat  informatioa  cocceraiaK  the  Jmapinn  Prench- 
mcD,  I  am  indebted  to  Mr.  H,  I..  BtilUln  who  lived  amoiii'  th«m  la 
Caiud*. 
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wbenabirilasder  takin);  up  a  piec«  of  wood  beenn  throwing 
it  npsind  catching  it;  the  father  did  the  same.  When  the  by- 
stauder  opened  bJs  arms  aitd  let  the  wood  fall  to  the  floor,  the 
father,  through  irresistible  imitation,  opened  his  arms,  and 
bis  child  fell  lo  the  floor  and  was  killed. 

It  may  be  well  in  closing  to  summarize  briefly  what  has  been 
said  in  r^ard  to  the  relation  of  the  general  mental  conditioa. 
or  tone  of  thought,  to  many  of  the  epidemics  considered,  and 
to  add  to  this  some  further  illnslrations. 

For  centuries  before  the  period  with  which  we  are  primarily 
couceined,  the  mindn  of  all  had  been  stee|>cd  in  suiwriitition. 
"Vnlgar  traditions  and  unreliable  legends,"  says  Fort  (p. 
363),  "repeated  nightly  around  the  blazing  fires  of  each  do- 
mestic hearth,  or  gravely  narrated  to  awe-struck  mnltitnites  at 
fairs,  public  markets  and  on  great  church  festival  days,  as- 
sisted in  maintaining  an  unreasonable  xpjritual  activity;  the 
mediaeval  mind  was  held  to  an  abnormal  strain  by  the  impos- 
sible narration  written  in  monastic  annals."  The  imagination 
wa.-<  kept  at  fe\'eT  beat;  miracles  were  supposed  to  be  taking 
place  everyday;  demonisni  was  never  questioned,  and  the  ever 
increasing  belief  in  witchcraft  prepared  Ihe  way  for  various 
other  delusions.  The  breakiugs  out  in  convents,  of  such  fre- 
quent occurrence  in  the  Middle  Ages,  were  due  to  the  mental 
food,  to  uninterrupted  religious  thoughts  and  practices,  which, 
combined  with  the  groftiest  sujierstitions,  and  accentuated  by  a 
life  of  solitude  at  times  rendered  the  inmates  of  convents  quite 
abnormal.  It  is  safe  to  say  that  exaltation  of  spirit  which 
came  ns  a  result  of  constant  wnishipand  prayer,  conil>ine<l  with 
the  constant  fear  of  persecution,  prepared  the  way  for  the  epi- 
demic n-.artyrdoni  of  the  early  Christian  church. 

Fort,  speaking  of  the  dancing  mania,  says  (p.  363):  "Ardent 
£anatictsm  developed  from  abnormal  religious  frenzy  and  irra- 
tJona]  social  life  and  aggravated  mediaeval  stiperstitions.  con- 
joined to  extreme  dread  of  swiftly  destructive  maladies, 
prepared  the  popular  mind  for  the  singular  disease  which 
swept  through  Germany  jn  1374."  By  "swiftly  destructive 
maladies"  he  probably  meant  the  plague,  primarily,  for  it  had 
already  returned  several  times  since  134S.  He  may  have  re* 
ferred,  also,  to  St.  Anthony's  fire,  that  terrible  disease  which 
burned  away  the  flesh,  and  let  the  joinw  drup  apart,  so  that  a 
limbless  trunk  might  be  found  by  the  roadside  praying  for 
death  or  begging  to  be  kilted  (34:!,  54).  This  disease,  it  is 
believed,  turned  the  minds  of  many  toward  the  Holy  Land, 
I.  e.,  inspired  tbem  with  a  desire  to  join  in  the  crusades.  It  is 
possible  that  the  English  Sweat,  another  terrible  disease, 
which  occurred  first  in  1485,  and  returned  four  times  by  1551, 
had  con.iideiable  influence  on  the  later  epidemics. 
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When  we  come  down  to  the  beginning  of  the  modern  period, 
where  we  fiod  remarkable  examples  of  religious  epidemics, 
especially  in  Kngland,  we  find  suttnble  tneiiial  food.  Tbere 
were  political  upheavals,  confiscations  and  consequent  ruin, 
warn  and  brutal  Ireattnenl;  hatreds  were  intense,  persecutions, 
cniel  and  bitter,  and  as  a  result,  men's  minds  gave  way  under 
the  strain.  Many  lived  on  the  borderland  between  sanity  and 
insanity;  and  were  in  a  proper  mood  to  be  influenced  by  re- 
ported prophecies  and  miracles  which  were  so  common  at  that 
time.  Kven  the  great  revivals  of  the  last  century  were,  as  a 
rule,  preceded  by  prophecies  of  Christ's  second  coming,  or  of 
the  end  of  the  world — reports  that,  when  believed,  move  men 
as  nothing  else  can.  What  the  Kev,  Mr.  Kells  says  of  the 
Shakers  of  Puget  Sound,  the  Indian  sect  founded  by  a  mao 
who  believed  he  had  l>een  to  heaven,  would  apply  equally  well 
to  the  religious  epidemics  previously  considered:  "When 
snperstttluus,  i>:uorauc«,  dreams,  imagination,  and  religion  are 
oil  mingled  together  they  make  a  strange  compound,"  and,  he 
might  have  added,  they  produce  strange  rcsnlts. 

BmLIOGKAPHY. 

KoTB.  The  followiug  works  liave  t>e«u  cocsullcd  la  the  (orcgoing 
•tady. 

Tltc  tf  (cteuccB,  t>ecau«e  of  tlielr  vn»l  immbcr.  bare  not  been  fi^vea 
in  IdII  in  the  test  nor  in  foot  notes,  except  where  there  vtn«  a  special 
reason  for  it.  I  linTc  *Jopte<l  siid  slightly  modiSed  the  system  of 
references  used  b}'  Dr.  Alcssoder  F.  ChsintierUiD  in  his  book.  "Th« 
Child."  In  most  cases  the  reference  is  by  the  Iiibliagrspb;  Dum1>Er 
rsther  than  by  the  name  of  the  author;  however,  where  the  author's 
name  Is  a  siilSdcnt  intlex,  the  bibiiograpby  number  fs  omittcil.  and 
only  the  page  is  jtiveti,  or  the  pst[e  atid  volume  in  case  of  works  of 
more  than  one  volume.  For  example,  "SprciiKel  (11,  3$)"  wooIH  re- 
fer to  Vol.  II,  page  1.1.  of  the  work  i^iven  in  the  tiiblioxrikpliy  under 
"SpreDgel;"  In  •  reference  of  this  form  (50:7$)  the  jo  would  locate 
tile  work  in  the  bih)io){Taphy,  atid  75  would  indicate  the  poKc;  if  Ifa« 
work  bas  more  than  one  volume,  the  volume  Is  referred  to  tbni 
(«:II.SO>. 

I.     Akcuoa,  Ciias.     Etude  sur  lex  maladies  ^teinles.     Puis,  1869. 

3.     A1.I.8X,  A.  G.  V.    Jonathan  Eilwa[<U.     N.  V.,  iS3q. 

3.  AKUBXSojt,  IA9.     Art.     "Bpilcpties  and  Imanities."  in  Diet. 

Pay.  Ucd.,  Vol.1,  pp.  440-450-     Eililcd   by   Hack  Tuke,  lA>udon, 
1891. 

4.  A-vsna,  F.  B.    Notes  on  epidemics.    Philadelphia.  1866. 

5.  Antich,  JoitN.     Remarks  ou  Ibe  PPagoe.     I^nilon,  iSoo. 

6.  AsSAUiti,  PiBTRO.    ObMrrslions  on  the  Plague.    London,  i8a4> 

7.  Bkard.  Dm.  G.  M.    The  Psychology  of  the  Salem  Wttcbcrstft. 

N.  Y.,  iBSi. 
9.    — The  Study  of  Trance  and  Allied  PhenometM.    N,  Y., 

iSSi. 

9. The  Nature  and  Pbenomcaa  of  Trance.    N.  Y..  1881. 

10.    BRARn.  Dr.  G.  M.    The  Maine  Jnmpeis  (In   Fop.  Sd.   Hon., 

Vol.XVin.pp.  t70.i9J). 


oowrk: 


II. 

la. 
ij. 

>4- 
IS- 
i6. 

:i: 

90, 

ai. 

33, 

ay 

U- 

35. 

a6. 
37. 

36. 

a9- 
30. 

J«- 

M- 
34. 

39- 

40. 
41- 

4a- 

43- 
44- 

4$. 


BitCK,  Db.  p.    Dlt  NftclMmuDK.    l^Ip«lg,  1904. 

BiitKT  A.    La  SuggcBtibilite.    P»rf».  1900.  ___ 

Bkhnhkim.  Pkop.    HJppolyte.     De    I'^limctit  pajrcbiqae  diSa 

I'b^cnianrt'lbJsir  h^steriqu*.    (lo  Rer.  de  M«d.,Vo1.  XXII,  pp. 

670-686.) 
Blakk.  Dr.  B.  V.    SpoDtancou*  nud  Imitatire  CHmc.    (la  Pop, 

Sci.  Moo..  Vol.  XV,  pp.  656-67,) 
Boas.  Pranz.    me  Mind  of  Primitive  Han.    (Id  Amer.  Jour. 

of  PolV-IOTc,  Vol.  XIV,  pp.  i-ii  >. 
BKAnr.icv,  R.    The  PUi^iicac  blHrMiltc*.    Dublin,  1731. 
BRauwhll.  J.  M.     n)piioti«iii.     London.  190S. 
BxowK,  Titos.    An  Account  of  the  .Shakers.    Troy,  1811. 
CAt.nn-Ki.u  CUAS.    Modioli  aod  Ph)"'icAt   Memoiit.     Pblladvl- 

ptafa.  1801. 
CAMi-&ni,L,  P.  G.    Witchcraft  In  the  Scottish  HighUodi.    G1«b- 

govf,  tgoJ. 
Carcs,  Uk.  Paul.     The  Hiator^  of  the  DctU.     London  mad 

CbicB){a,  1900. 
C»AKCi>T  J.  M.    Art.    "Hy««o.RpiIcp«y."  in  Diet.  P*y.  Med., 

Vol.  I,  pp,  617.41.     Edited  br  Hack  Tuke,     London,  1891. 
CUA).PKNTIKK,  Dr.  a.     Dernier*  concepttoo*  et   ddfioitjaoa  de 

rhyHAric.     (!n  Rev.  de  Nenroligir.  Vol.  XV,  pp.  SOJ-M.) 
Crbicbton,  Db,  Chas.    autory  of  Bpldemlct  In  Briuin.     > 

VoU.    Cambridge,  1891.4, 
CvxKtKniiAM,  W.    Growth  of  ItoglUh  Indntttry  and  Commerce. 

a  Vol*.     CambridKe.  1690. 
Brixxrk  ok  Boismo.nt,  A.    Ilalliicitiatioa*.    PbilBdelphIa,  iSu. 
Di  CuAULiAC,  Ct'V.    CliirurKiR.    Tinct.  II,  cap.  V  (In  HoeKra 

Geflclilchlc  d.  Medicin  u.  ep.  Krunk.  ed.  iWl). 
Dk  Covino.  Simon'.     PcsiU  lujiuinsria.      (Reprint   in   Haeaer'a 

Gc«chktil>.-   ili^r  Medicin  (cd.  i883),     S.  III.  pp.  170-4.) 
Di  Fou,  Daxiui..    Journal  of  the  Plague  Vear,  1663  (Cazton 

Pocket  CUmich).     ScTibner.  N.  V.,  1004. 
Dk  Mussi,  Gabribi..    Ytioria  dc  Morbo.    (Rt^intin  Haeaer'a 

Archiv.  f.  Ge»an>.  Med..  B.  II,  pp.  aj-jS.) 
Dkuikvck,  I>r.  a.     Die  pnitiolot(i«che  LUne  nnd  die  paychiscbe 

abnortnen  Schwindler.    St»it|;»ri,  1891, 
ElkI-NTOS.  Jossfh.    The  Doukhobom.     Pbilsdclphla,  1903, 
Bu.iNOXM,   M.     Mallen*  MnlificsTTtm.     N.  Y.,  1874. 
Ellis,  Havblock.    Man  and  Womnu  (4th  ed.).    N.  V.,  1904. 
EVAHS.  P.  W.    TbeShnkexa.    N,  V„  1850. 
FlMt,  CiiAS.  S.    Hyaieria  (in  Twentieth  Cent.    Practice,  Vol. 

10). 
POBBES.  p.     Nature  and  History  of  the  Plagne,    Hdinboro>  1798. 
Port,  Oho.  P.    Md.  hkonomv  During  the  Uiddle  Age*.    Lon- 
don, i88j. 
Pourribk.  C.    Theory  of  Fal»e  AwocUtlon  (ed.  H.  Doberty).. 

London,  1905. 
Gasqubt,  p.  a.    The  Great  PesUlencc.    London,  :893. 
GiBUON,  Eow.    Dccliuc  aud  Pall  ol  the  Roman  Empire.    5  Vola. 

iDtcToationai  Rook  Co.,  N.  V. 
Glamson   J.     Philosophical  Consideration*  of  Witchcraft,    Lon- 
don, 1 668. 
GuniiMANN,  J.  P.  R.  Das  Pest  Cont*fC'°m  in  Bgypten,  Wlen,  1844- 
Hak§kk,    Prof.  H.     Lehrbuch  der  Ge»chichteder  Med.   n.  epi- 

dem.     Krnnkheiien.     3te  AuQ,,  3  Bile,,  Jena,  18S].      Bd.  1  Ce- 

■chieteder  Medicin  im  Alterthnm  £:  Millelaltcr. 
Bd.  3.  Gcschlcbte  der  epidemiscben  Erankheiten.   Jena 

1861. 


I 

I 


PSSTILBKCHS  AND  OTHBR   EPIDBUIC3. 


59 


46.  Hakskk,  Prof.  H.    Arcbiv.  f.  gcMoimte  U«dlcia.  B.  II. 

47.  Kall,  PHsa.  G.  S.    Adolrtcence.    N.  Y.,  1904. 

48.  BAn'TtiORNX,  JVUAN,    Plkgac  and  Hamine  ID  India.  (In  CORino- 

pollisn.  Vol.  XXIII.  pp.  380  a.) 
A9-    Hbcxsk.  Dh.  J.  P.  C.    Epidemics  of  the  Middle  Agei.    (Tnmt- 
lUed  b;  BabiitKtoii.)     I^ndon,  1844. 

50.  Hntscs,  Dr,  a.     Die  IndUcbe  I>««t  u.  d«r  ncbwara*  Tod.  (In 

Vircbow'i  Aicliiv.  fur  pathologlicbc  Anatomie  and  Phjilologte. 
B.  v..  pp.  508-33  J 

51.  HtKTB.  G.     Dit  LokallMtion-psychoIOKle-     Muatch,  1893. 

9a.    Jacob,  Dx.  A.    Icfincticc  of  Itnagiiiiiticiu  on  tbe  Ptodoction  uid 
Cntc  of  I>iii«i)c«.     DnblJii,  1833. 

53.  Jakkt,  PiBRRl!.    Tbe  Mental  Sintc  of  Rx«teric«l*.    (Translated 

bj>C.  R.  CoMOD.)    London  and  N.  V..  1901. 

54.  ENlOtrr.  Chan.     HUt«ry  of  I<ondoii.     I^mdoii,  i84i-4- 

SS-     VOK  Kraft-Ebbikc,  Dr.  R.   Piychopathia  Sexualla.  (Tnax.  by 
Cbaildock.)     London,  1S93. 

56. —  Hj<pnol»iii.     IvOikIoq.  J889. 

57.  Ladamk.  Dr.  P.   De*  p>ychlc  troubles  in  la  cbor^.   (In  Arcbiv. 

de  Nearalofiic.  Vol,  IX,  pp.  97.1J1.) 

38.  IrfiuiBn,  J.  H.    HUlory  of  Rcndy  Re(crcDC«.    $  Vol*.    Sptiog- 

field,  1894. 

39.  Lk  Bom,  Gi'aTAVii.    Tbe  Crowd.    Londoa.  1903. 

60.  LoxwilKirxt.n,  Dr.  L.     Hypnotism.     Welahaden,  1901. 

61.  UaCXav.  CRA£.  ExtraoriliDary  Popular  Deltialoos.  I,oiidoii,  1869. 
63.    HcLeaM,  Cua9.    Epidemic*  and  Pc*lilential  Discasea.    Londoa, 

1817. 
63a.  MAcMA^rxit,  J.  B,     History  o(  United  Statca.    7  Volt.  (Vol, 
II.)    N.  v.,  1903. 

63.  U'Nkmar.    Kicbard.     The  Great  Kentucky   Revival.    Cincio- 

nalt,  1807. 

64.  Ua»K>Ni,  AiXSlANDUO.   I  Proinc«xiSpo*i(tranaIalion).  Loadon, 

1876. 
65-    Uaudslkv,  Dr.  Hbnrv.    Medical  Paychology,    (In  Journal  o( 
Mental  Science,  Vol.  XVIII,  pp.  179-414). 

66.  MxRctKR,  c.  A.    Alt.    "lublbltloti,"  In  Diet.  P*y.  Ued.    (See 

No.  t04  below.) 

67.  HSRSWXATiiiiK,    P.  U.  8.     TbroDxh  tlic  Famine  Dl*tricts  of 

India.     Pbiladelplila.  1898. 

68.  UiCBAtTD,  J.  F.     History  ol  llie  CrniiBdeB.    3  Vols.  (Trans,  by 

Robton.)     London.  1851. 

69.  MooHiiv,  Jauks.    Report  of  tbe  Ilurean  of  Htbnology,  1893-3, 

Pt.  1. 

70.  KoKUAM,  Cowor.i.v.    Art.  "Insanitj',"  in  Diet.  Pay.  Ued.,  Vol, 

I.,  pp.  503-505,     Edited  by  Hack  Tukc.     [.oiidoti,  iSq3. 

71.  Novico,  J.    Conscience  ct  Volonte  Suciates.     Purli,  I897. 

79.  NOVY,  Dr.  F.  G.     The   PlaijUe.   (In  Popular  Science  Mouthty, 

October.  loor.  Vol,  LVII,  pp,  376-593.) 

73.  Papoj*.  J.   P.     De  la  Pest.     3  t.     Paria,  1800. 

74.  Parliamentary  Report*  (EnKliiih],  1900-1901. 

75.  Patrick,   O.  T.  W.    The  Psychology  of  Craic*.  (,1a  Pop.  Sci. 

Mon.,  Vol,  LVII,  pp.  385-94.) 

76.  PKr\-3.  Samuki^     Diary   (Declpbcicd  by   Hynota  Bright).     Ed- 

ited by  Henry  B.  Wheatley.     I,,oiidi>ii,  1904-1905. 

77.  Provst,  Acbillx-Adriax.  La  Peste  do  Vienne.  (In  Inat.  de  Vr. 

Acad.  Sci.,  etc.     Pari*,  1899.) 

78.  QWNTKRO,  Dr.  G.  G.     Dc  I'lnflucnce  dii  moral  itnr  le  physique. 

Paris,  18  >6. 

80.  RaTUL,  PWKORICH.    Hirtory  of  Mankind.    London,  1896-8. 


6fr 


GOWIN. 


Si.    Rkgmard,  Dr.  Padi,.    Le*  maladic*  tfp!d£in)qB«s  At  I'ctpdt. 

P«ri».  1887. 
81.    KiBOT,  Th.    L«s  maladies  iIf  Ik  rolontf.   (5th  cd.)   P«ri«,  1888. 

83.  Ric-HKT,  C,     nystecia  and  DenioaUm.    (In  Pop.  Scl.  Mod.,  Vol. 

XVII.  pp.  86.93.) 

84.  RicuTRR.  D.  W.  M.  G«8chlcfate  dei  Jledicin  is  RuwUnd.    Uoa- 

eov,  1813. 

85.  ROBEXTSOK,  Dk.  p.    Chorea  Sinctt  Viti.    Philadclpbi*.  tSoj, 
66.     RoDKICCBS.    Dk.    Nika,     La    Folic    de*  foulcs.     1 1ii  Aiiaalct 

Medico -Pay  cboloi(><l°e>  Vol.  Xlll.  pp.  19-31,  189-99,  iJO-Si,  Bttd 
Vol.  XIV.  pp.  1-18,  »)j.X)9.) 

87.  ROCBRS,  Prop.  TsottoCD.     Kafclaod  before  and  after  the  Black 

Death.    (In  Fort.  Rev..  Vol.  VIII.  |866,  pp.  I9i.«.) 

88.  RossKLi.,  I>K.  Alkxaxuhm.    Natural  Uiatorj  of  Aleppo    .  Lon-  , 

don,  1756. 

89.  RtrMiKi.1.,  Dh.  PaTkicx.    Abhandlnng  iiber  die  Pcm.    a  VoU. , 

LeipMjt.  i79»- 

90.  RVDBBKC.  Viktor.     Mldillc  A|tfr!8piritu«11fii».    (Bpitomiced  ini 

Pop.  Sci.  Mon.     Vol.  XVI.  pp.  345-6»-) 

91.  ScnAPf,  Ptitt,ip.    Art,  "I'logellaaiaand  Dancing  Mania."    Re* 

MgioM  Encyclopedia,  edited  by  Pbllip  ScbaH  and  S.  M.  Jack-  < 

•on.    N,  v..  1891. 
91.    SnnsoiiM.  F.  The  Black  Death  and  it*  Place  in  Bnnliili  UUtoty. 

(lo  Fori.  Rev.,  Vol.  U.  pp.  178  tf.) 
9J.     SCOtT,  J.  B.     In  Famine  Laud.     N.  V.,  1904. 

94.  Sic;iiui.R.  Scirio.     P«>'cholosie  dca  Sectca.     Paria,  1898. 

95.  Sritus,  Cari..     Hypnotism.     N.  V.,  1893. 

96.  Smith,  A.    Supplement  lo  Heckeron  Black  Death.  (la  Brltlab 

Medical  Journnl.)    Tendon.  1869. 

97.  Sl-RSNCRi.,  K.     Gnctiiohtc   der  ArtineikuDde.     S  Tbl«.  Halle, 

iSiS. 

98.  Strbnbkkg,  G.  M.  U.     Infection  aud  Inianity.     LondoD,  1904. 
98a.  Stoll,   Dr.  Otto.     Sagijeation   und   Uypnotlamna.     T 

1904. 

99.  Taisk.  H.     On  lutcltiKcncc.    <Tran».  by  Hare.)     N.  V.,  l87»- 

100.  TAM8UBINI.  A.  anh  ToNMixi,  S.    An.  "Wftcbcrad"  (iu  Diet.] 

Med.  Psych..  Vol,  II.  1368-70). 

101.  Tabdr,  GAnkiuL.    The    Law«   of    Imitation.    (Translated  bf] 

Coraoii.)    N.  v..  190.). 
I09.    THDcVDiiiKa.    "The  Plague  at  Atben*."  in  Jowctt'a  ttaualation. 

Vol.  III. 
10$.    Toi-sTov.  Leo.    Donkhoborsti.    (In  Martyrdom  in  Rnsoia,  hj\ 

Thertkofi.)     London.  1897. 
10^.  TxAit..  H.  D.     Social  Hunland.    5  Vols.     London,  igai-4. 
ia|.    Tdkk.    Hack.     Bd.  Dictionary  of  Psycbolosical   Medicine.    H 

Vol*.    London,  1S91. 
105.    Tvi.oa,  V.  B.    Primitive  Culture,    i  VoU.    N.  V.,  18SS. 
too.    TvTi,RR.  Jakes,    a  Treatite  on  the  Plagne  and  Vellow  Perer^ 

Salem.  1 799. 

107.  Uli.o,  Dk.    Die  PIokcI Ionian i«.    Dre*den,  1901. 

108.  Vekoa.  Dk.  a.    Insanity  Caused  by  the  VlnKue.    (In  Medical 

Gaxetteof  Lombardy  (1861),  Paych.  Appendix,  pp.  (I7-I19.> 

log.  Vicoxovx.  Dr.  A.  ani>  Ju»uxuxk,  Dx.  P.  La  Contagion  Men- 
tale.    Paris,  190J. 

Ito.  WkbSTKr.  Noas,  Hi»tory  of  Epidemica  and  PcBtlleotial  Dta- 
eaies.     3  VoU.     Haitforil.  1799. 

III.  WiKBiCLBR,  CSAS.  F.  Christian  Science.  London  and  N.  t.^ 
1900. 

III.    Worm*,  Rfirti.    OrKaniamc  et  SocieK.    ParU,  1S96. 

m.  Vandsi.1.,  Dr.  D.  W.  Epidemic  ConvuUion*.  (In  Pop.  Scl. 
Mon.,  Vol.  XX,  pp.  498-S07.) 


%. 


MATHEMATICAL    PRODIGIES.' 
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The  object  of  the  present  paper  is  tbrecfoM  : 

(i)  To  give  a  summary  of  the  mathematical  prodJ|;les* 
described  in  the  literature  of  the  subject,  without,  however, 
duplicating  unneceftsarily  the  work  of  previous  writers. 

(i)  To  give  n  brief  accotint  of  thewriicr's  own  case,  which 
is.  it  is  believed,  fairly  typical,  despite  certain  peculiar  limita- 
tions to  be  described  later,  and  which  will  shed  light  on  cer- 
tain factors  in  mental  calculation  that  have  not  hitberto  re- 
ceive<l  foil  recofiiiiiion. 

(3)  To  set  forth  b  new  tbeor>'  of  mental  calculation,  based 
upon  the  foregoing  data,  and  incidentally  to  criticise  certain 
other  theories  bitlierto  advanced  in  this  field. 

I. 

la  view  of  the  incomplcteiicss  of  existing  data  in  most  cases, 
and  the  inaccessibility  of  some  even  of  the  cxisliuK  sources  of 
in  forma  t  ion,  a  complete  history  of  the  itiathcmnticnl  prodigies 
would  be  out  of  the  question.  We  shall,  therefore,  simply  at- 
tempt to  give  ft  rcAMnably  complete  list  of  those  of  whom  defi- 
nite information  is  available,  together  with  a  statement  of  the 
significant  facts  known  about  them.  A  few  names — that  of 
Euler,  for  example — have  b<.-cn  omitted  on  account  of  the  ab- 
sence of  any  satisfactory  data  that  would  shed  light  on  the 
theory  of  mental  calculation;  and  no  attempt  has  been  made  to 
collect  the  accounts  of  new  prodigies  found  every  now  and  then 
in  the  newspapers.   Such  accounts  are  not  readily  accessible,  and 

'  Prom  tlie  P*)rehoI«Kic«l  Semin«r>'  o(  Cornell  tJu>rcr«ity. 

•  By  a  "mattiematicBl  prodigy"  w«  *h±\l  mean  ■  perwin  who  ihowii 
unnRUNJ  aMIity  in  mcntnl  nritbmctic  or  tncntal  nlKcbrR,  cRpc^UIIy 
when  llii«  ability  ilevctopa  Ht  an  «aily  Rf(c.  hd<I  without  cxtvinal  aidi 
or  (pccial  tuition.  We  sliall  use  tlie  word  "cnlculBtor"  in  tbc  sense 
ot  ''mculal  calculntor."  ai  a  tyaouym  lor  "mnthcnialiral  priiilljiy." 
■cil  shall  ii*iially  tnean  by  "calcnlatlun"  "tnriitnl  caknlslion,"  no- 
tcM  Iheconliary  i»  clcaily  iiidkBUil  hy  tbc  eonlfxl.  A  "profcHJonal 
calciitalor"  will  be  taken  to  mean  a  mcniil  calcnlittor  who  givci  fitilv 
lie  exhibitions  ol  hi*  lalcut.  "Computer,"  bowi-vcr,  will  be  rrstttcted 
to  mean  one  wbo  calcnlates  on  paper.  All  problems  mentioned  a* 
•olvcd  by  the  maibemaiicBl  oiodif[ici  will  be  naderatocMl  to  be  ilona 
nicntally,  uoIcm  otlicrwite  iinliralird. 
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arc  usually  ho  popular  aud  unreliable  that  tbey  bare  little  sdea-' 
ti6c  value. 

There  are  several  possible  bases  for  a  classification  of  the 
mathematical  prodigies.  We  might  group  them  chronologi- 
cally, as  Scripture '  does;  or  by  the  extent  of  their  power,  as 
mcn-sured  either  by  the  size  of  the  uumbers  tbey  could  handle 
or  by  the  rapidity  of  their  calculatiomt;  or  by  the  degree  of 
their  mathematical  ability,  as  shown  by  the  character  of  the 
problems  they  solved  ami  the  pioce^^es  they  used.  Or  we 
miRht  classify  tliem  according  to  memory  type,  as  cither  vis- 
ual or  RUditury  calculators.  Xo  one  of  these  classifications, 
adhered  to  consistently  throughout,  would  quite  answer  tb« 
puri>ose  here,  owing  to  the  great  unevcuncss  of  the  material  a.' 
band  in  the  case  of  the  diflcrent  calculators.  An  arrangetoeat 
ha.s  therefore  been  adopted  which  is  in  pert  chronological, 
but  which  is  modified  by  most  of  these  other  consideraltons. 
In  this  way,  so  far  as  the  crossing  of  the  different  principles 
division  permits,  those  men  are  in  the  main  brought  togetberi 
who  arc  most  naturally  compared,  and  the  im])OTtant  [wints 
resemblance  aud  diflereucc  come  out  more  courcnieutly  tb: 
if  an  abstractly  logjc.il  arrangement  were  adopted, 

Wc  begin,  then,  with  Fuller  aud  Uuxton,  who  have  much  in 
common,  and  who  are  the  first  modem  calculators  about  whom 
reliable  data  are  available.  Colburn,  Mondcux,  and  Inaudi 
form  the  next  group,  followed  by  Zaneboni,  Diamandi,  and 
Dase.  Then  come  the  two  Bidders  and  Safllbrd,  followed  by 
Gauss  and  Amp&re.  and  finally  those  who  may  be  called 
"minor  prodigies,"  whether  l)ecau.se  of  limited  powers  of  cal- 
culation or  because  the  available  information  is  not  sufficient 
fur  a  more  detailed  account. 

Tew /w/Z^r' (1710-1790),  "the  Virginia  calculator,"  came 
from  Africa  as  a  slave  when  about  14  years  old.  We  first  bear 
of  him  as  a  calculator  at  the  age  of  70  or  tberealwuts,  when, 
among  other  problems,  he  reduced  a  year  and  a  half  to  seconds 
in  about  two  minutes,  and  70  years,  17  days.  12  hours  to  sec- 
onds in  about  a  minute  and  a  half,  correcting  the  result  of 
bis  examiner,  who  had  failed  to  take  account  of  tbe  leap* 
years.*    lie  also  found  the  sum  of  a  simple  geometrical  pro- 

'  In  his  article  on  "Arithmetical  Proiiigie*,"  in  the  Amtncan  Jottr' 
nal  of  Ptydtitlogy,  IV,  1S91.  pp.  1-59.  We  shall  hereafter  have  (re* 
qucnt  ocuBlon  to  refer  to  thia  article,  ibeonly  one  in  Kuglitb  ta  wblcti 
B  comprehensiT«  study  of  the  subject  is  altempted. 

•Sctipture.  ofi.  eil.,  p.  j;  Bioet.  PiychotogU  del  grandt  (alatlaUurt 
el  joufurf  d'4(Jita,  1894,  p.  4:  /Imerieam  Afusfum.V,  1789,  p.  6s. 
Thia  last  date  is  ecroueousljr  ^iveb  by  Scripture  as  1799. 

*  Billet,  ofi.  til.,  p.  s,  not«i  that  the  harder  problem  waidone  in  te*a 
time  tliaii  the  »impUr  one,  aod  1*  SocliDcd  to  »u«pect  tbat  Ibe  reeorils 
■le  nnreliable,     But  in  the  case  of  so  stow  and  plodding  a  calculator 
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gression.  and  multiplied  mciitally  two  numbers  of  9  figures 
each.     He  was  entirely  illiterate. 

Jedtdiah  Buxlon^  (1703-1773)  wax  very  stupid  even  from 
boybood.  Though  hia  father  and  grandfather  were  men  of 
itome  educatioii,  lie  remained  illiterate  all  bis  life,  and  was 
of  less  than  average  intelligence;  even  the  statement  of  a 
mathematical  problem  he  comprehended,  we  arc  told,  "not 
witboat  difficulty  and  time."  la  calculaliun  he  was,  like 
Fuller,  extremely  slow;  but  he  had  a  prodigions  memory,  and 
could  retain  long  numbers  fur  days  or  eveu  months,  so  that 
be  performed  cnonnons  calculations,  which  in  some  cases  occu> 
pied  him  for  weeks.  On  one  occasion  he  mentally  squared  a 
number  of  39  figures,  in  3^  months.  His  methods  were  origU 
nal,  but  very  cltimsy:  to  multiply  by  378,  in  one  instance,  be 
multiplied  successively  by  5,  30,  and  3  to  get  300  times  ihe 
number,  then  by  5  and  15  to  get  a  second  partial  product,  and 
finally  by  3.  to  complete  the  operation,  Thus  instead  of  add- 
ing two  zeros  to  multiply  by  too,  he  multiplied  first  by  5  and 
then  by  ao.  This  fact,  together  with  bis  slowness,  shows 
pretty  clearly  that  his  methods  were  of  counting  rather  than 
multiplication,  though  we  are  told  thnt  he  had  learned  the 
multiplication  table  in  bis  youlb.  He  could  give  from  memory 
ao  itemized  account  of  all  the  free  beer  he  had  had  from  the 
age  of  13  on.  He  was  able  to  calculate  while  working  or  talk- 
ing, and  could  handle  two  problems  at  once  without  confu.'<ion. 
At  a  sermon  or  play  Buxton  seems  to  have  paid  no  attention 
to  the  speaker's  meaning,  but  to  have  amused  himself  by 
counting  the  words  spoken,  or  the  steps  taken  in  a  dance,  or 
by  some  long  self-imposed  calculation.  He  could  call  off  a 
□umber  from  lef^  to  right  or  from  right  to  lef^  with  equal  facil- 
ity,  and  by  pacing  a  piece  of  ground  could  estimate  its  area 
with  considerable  accuracy. 
Zerah  Colbum^  (1804- 1840),  the  son  of  a  Vermont  farmer, 

u  Fnller,  little  im porta iice  cnit  be  atiacbed  to  ancta  dttcrepMnetes,  es- 
ncdatly  tlDC«  tlio  time*  gjvcu  arc  ouly  appioxiiiui'.c.  Moreover,  Ful- 
ler waa  at  thi*  time  a1>ODt  yo  Tears  old  bimiclf,  anJ  maj'  tliercfoie 
bare  had  in  hta  niemoty,  alrc«ay  calculated,  the  number ol  sccoutls 
lo  70  years.  The  times  Ki'^D  Re<Q>  to  luilicaie  thai  he  oseil  a  prcxvsi 
of  modified  counting,  rather  than  multiplication  in  the  ordinary 
•ca«e.     The  Impoitaacc  of  Ibis  diilioctioa  will  appear  later. 

'Scripture,  op.ciL.'^.y,  Gml/fman's  Afujiaiinf,  X\l,tj$i,pp,6l, 
jjj:  XXIH,  i;j3,  p.  55;;  XXIV.  i;s4.  P-  ij'- 

'  Alao  »peU  Colborne.  Scriplare.  op.  cit.,  p.  il;  W  Mttnoir  of  Ztrah 
Colbum.  teriUeu  by  himsel/.  SprloxHcld.  iSjj;  mioaophicai  Maga- 
titi4.   XI<,   1811,  p.   119:  XLII.   iSfj,  p.  4i)il  Analtdii:  MagAXtme.   \, 


V,  Bug.  tf.,  Boaton,  i8jS).  Scriplare  gives  two  other  refereacct  which 
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was  regarded  as  a  backward  child  UDtil  the  end  of  bis  6lb  ye*T, 
vthvn  one  day  his  father  hcunl  bini  repeating  parts  of  the 
tnulliplication  tabic,  though  the  b»y  had  had  oaly  about  &ix 
weeks'  .-((.'hooling.  The  father  then  "aiiked  the  product  of 
13x97  to  which  1261  was  instantly  given  in  answer.  Hcoow 
concluded  that  sometliiug  unusual  bad  actually  taken  place; 
indeed  he  often  Niiid  he  should  not  have  been  more  surpriwd. 
if  some  one  had  risen  up  out  of  the  earth  and  stood  erect  before 
him."  '  The  elder  Colburn  now  look  Zerah  about  theconntry, 
giving  public  exhibitions  of  the  child's  ]>owcrs  in  various  cities. 
Colbum  was  thus  the  first  professional  calculator,  in  the  sense 
already  dvBned.  From  the  l\M  of  queMions  answered  by  him 
at  Boston,  in  the  fall  of  tSio,  and  from  the  account  iu  the  body 
of  the  Mtmoir.  it  appears  that  even  at  this  catly  date,  only  four 
months  after  the  discovery  ol  his  talent,  he  was  a  good  calcu- 
lator, though  of  course  he  improved  with  further  practice.  It 
is  clear,  therefore,  that  bis  powers  had  been  developing  for 
some  lime — to  judge  from  other  cases  at  least  six  months,  if 
not  a  year — before  they  attracted  his  father's  aitentktn.  This 
may  me&u  that  he  learned  to  count  from  bis  elder  brothers 
and  sistets. — the  eldest  was  about  seven  years  older  than 
Zcrah, — rather  than  from  his  own  brief  mx  weeks  at  school. 
Colburn's  preference  for  naultiplication.  the  extraction  of  roots, 
iactoriug.  and  the  detection  of  primes  seems  to  have  dc\'elopcd 
early;  he  never  became  as  proficient  in  division  as  Bidder,  for 
example,  and,  like  most  of  the  prodigies,  he  used  addition  ani 
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the  wrher  ba»  been  aoable  to  conaull:     Tlie  Awttrian  Almanac,  t 
p.  307.  •Bd  llic  Mediral  and  Philoiophual  jMtmat  and  Rrvievi,  it 
ibii.  f'  11'    Gair*  account.  h»»cv«t,>eeiu9  lobe  bated  upon  thUI 
eriiclc. 

'  iHem^r.  pp.  ti-u.  Scripture  {op.  cit.,  p.  tt)  U  "ICBipted  to  ask 
for  tbe  autborlly  oa  whicli  tlie  statemcnli  were  made",  and  iaclin«d 
not  to  "pnt  too  mncb  (oith  in  ibc  figures",  on  the  itroDtid  tliat  Col- 
bum ucver  Fncalt*  of  hitnielf  rb  linviiix  ■ny  cxirnordieary  pow«r  of 
tDCBiory  for  Iouk  ptrl^iiU  o(  time.  But  tb«  full  pauage  ms  quoted 
dbove  makes  it  clear  that  the  father  had  told  the  incident  repeatedly 
to  Bwe-niriclten  ljt.iciier»  tn  jtciali's  hcarliiJE:  niOTCorcr,  tbe  rcniets- 
beriDg  of  such  a  fiiiuple  problem  coald  faatdlT  require  "extraordinary 

Jio««t  o(  memory"  in  a  penoti  it»ed  to  mental  calcnlation.  Colburu'a 
eat<  in  ftrloriiijt  lRr|;c  nuniber*  are  haril  to  erptaiu  fscept  by  tup- 
postn);  that  he  rcineinbtrcd  at  leaM  those  nunitierg  which  he  bail  pre- 
viou»ly  examined  and  found  prime.  This  would  imply  a  rather 
conatderuhic  development  of  hi*  memory  for  figures.  At  any  rate.  tb«re 
la  nothing  ImprolMblc  in  hi<i  reiaembering  the  Ggnrea  iinoted  in  tbe 
text,  even  for  some  year*  after  his  catcalatinf;  powers  bad  declioed. 

It  may  he  noted  that  later  in  hi>  artii-le  Scripture's  Uitb  in  Colbura'a 
tucmory  increaiea;  for  on  y&fiC  46  be  thinks  we  can  presuppose  id  the 
case  of  Colburn  and  certain  others  an  extended  mulliplkatioB  table, 
perhapa  even  to  toox  ICO.  Rcriour  for  rejecting  this  auppoaitlOBt  llL 
Colburu'a  caac  at  any  rate,  will  appear  later. 
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ibtraction  oiily  incidentally,  in  the  service  of  other  opermlioiis, 
lot  for  their  own  sake.  In  answering  catch  questions  and  ia 
repartee  he  was  moderately  clever. 

In  the  spring  of  1812  Zerah  was  taken  by  his  father  to 
Loodon.  Here,  among  other  feats,  he  found  cientally,  bjr 
successive  inultiplicatioti,  the  i6th  power  of  8  (=  381,474, 
976,710.656)  nnd  tbc  loth  powers  of  other  i-fignre  nnmhers, 
also,  though  with  more  difficulty,  the  6th.  7th,  and  Sth  powers 
of  several  a-figure  munlwrs.  The  square  root  of  106,929  (= 
3*7)  and  the  cube  root  of  368,336,135  (=  645)  were  round 
"before  the  original  nunibera  could  be  written  down."  He 
imniedlstely  identified  36,083  ax  a  prime  number,  and  (bund 
"by  the  mere  opcrattott  of  bis  tniud"  the  factors,  641  and 
6,700,417;  of  4,294,967,297  (=2"+l).' 

While  in  London,  Colbum  learned  to  read  and  write,  and 
later  began  the  study  of  i\]gebta;  but  his  education  wassubjeot 
toloiiK  Interruptions,  owing  to  thccoii»tnnt  financial  diflJciiUics 
caused  by  his  father's  lack  of  business  ability.  After  visits  to 
Ireland  and  Scotland,  the  ColburtLs  went,  in  1814,  to  Pails, 
where  Zcrab  spent  eight  months  at  school,  studying  maioly 


)  Mtmoir.  pp.  37-8.  (|uottaK  fivm  •  pronpecln*  printed  In  tiondon, 
181J.  Kroni  Coltiura'i  uwu  aocuuut  of  bis  metboUB  of  factorlDK  (pp. 
iSj-4),  it  nppcaii  thai  tbc  nnlir  wn<r  in  which  he  could  immeaialAy 
idsniJIy  u  fiiiuv  »ucb  •  uuitilxr  nt  .t6.o8j  woulil  b«  by  retiMmbeilag 
the  iwult  of  ■  preriou*  examination  o(  it.  Scripture  iofi.  cit.,  p.  14. 
Date)Mj>  that  it  "icqairci  conitdeniblc  fnitU"  to  accept  the  utate- 
Bicat  thnt  ColbtirD  faciorrd  3°+i.  But  wc  iirr  nal  told  that  h*  dkl  il 
"iuttantty":  a  lri«ii<l  of  Mot»c'*  sajrs  niuiply,  "altnoat  aa  toon  as  it  wa* 
pnt  to  bim"  (Sciiptnre.  lot.  tit.,  qaotini;  (torn  ■  letter  in  &  I.  Pittiic'* 
l.i/f  ef  Sttttmtl  F.  B.  Morir.  p,  68^  ilic  rcfewocc  i»  undoiihldly  to 
tbia  problem),  utaite  CarpenitT  {Mental  Physiology,  p.  i%i,\  tlie  writer 
baa  not  been  able  to  fiml  Carpeutcr's  aatborily  (or  Ibi*  sialcmcot) 
lay*.  "»/t*r  the  lafiit  0/  somg  uffts."  Kven  if  the  time  waa  '^'''^  ' 
matter  of  aome  minulea,  tbr  feat  i»  not  iiicompreheutiible  The 
amaller  factor.  641.  iniRht  easily  bare  bceo  hit  upon  by  a  Incky  trial 
at  a  Terr  early  Rta|;e  of  ihc  work.  Wc  read  io  Batty'a  arcoDnt  (W«4I- 
teetie  Hiagutint,  I.  1819.  p.  114)  thai  "any  nutubcr,  cotisitrtiu);  of  6  or 
7  place*  of  Sgnrea.  being  propotnl,  he  [Colburn]  will  deteriuinc,  witb 
.  .  .  expmition  a»<l  cai«,  all  ttiR  (nctort  of  which  it  ii  rompoie'l," 
Now  i*H-r  fa  only  a  lO'Cgnre  number.  01  three  fiictite*  lonitiri  thnn 
tboic  Colbom  wa*  died  to  bandling:  and  tbc  amallncM  of  the  (actor 
641  rcadcra  the  probleia  niach  aimplvr  tbaii  it  at  first  appcara.  Since, 
tben.  the  feat  is  entirely  poMlble.  and  sioce  it  is  cited  by  Colburo  frvm 
the  ptihlicly  circulated  Woipectus  of  1813.  and  it  mentioned  by  at  least 
one  cODteniporary  writer  who  waa  not  acijnainleil  with  the  Afemoir, 
there  i»  no  reason  (or  belleviuK  'hat  Colburn  fflbrimlcd  the  luddeat; 
eapecially  since  bis  limited  matheraatical  knowte>ige  wonld  never 
bavG  cbi^wa  bim  the  itiipottanoc  ol  this  pailirular  nalnber.  Had  ha 
been   inventing   onl   ol  whole   clotb,   he   would   have  Dinltipllcd    to> 

S ether  two  prime  numberi  chosen   at  random,  and  woDld  probably 
•re  Blade   the   ainaller  one    at    leaal  a  4-fiKOTc.   if   not    a  s-l^[ure 
Dnmber.    On  the  historical  lollabihty  of  Ibc  Memoir  ace  Appeudlx  I. 
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French  and  Latin.  RelurninR  to  Kngland  earlj' in  iSi6,  be 
entered  Westminster  School  in  September,  nnder  the  p&tronage 
of  the  Karl  of  Bristol,  making  fair  progress  In  the  tanguitges, 
and  staitdJDg  well  in  his  class,  in  which,  however,  he  was  one 
of  the  oldest  boys.  H«  abo  stndied  six  books  of  Gnclld  under 
a  private  tutor,  but  showed  no  marked  geometrical  aptitude. 
In  1819  his  father  removed  him  from  school,  and  soon  after  we 
find  him,  at  his  father's  suggc-stion,  nnsuccessfnlty  sttempting 
the  career  of  an  actor  and  playwright.  In  t833  be  opened  a 
small  school,  which  ran  for  n  year  or  more.  His  next  occupa- 
tion  was  as  a  computer  in  the  seirtce  of  the  secretary  of  the 
Board  of  Longitude.  Shortly  after  his  father's  death,  in  1824, 
Zerah  returned  to  America,  and  in  December  of  1835  joined 
the  Methodist  church,  becoming  a  circuit  preacher.  AAcr 
seven  year»  of  this  occupation.'  being  in  need  of  funds  to  eke 
out  his  modest  ministerial  salary,  he  wrote  the  Memoir,  carry- 
ing out  a  plan  which  his  father  and  friends  had  had  in  view 
long  before.  In  1835  he  resumed  teaching,  as  "Professor  of 
the  Latin,  Greek.  French  and  Spanish  Languages,  and  English 
Cla.-k<tical  Literature  in  the  seminary  styled  the  Norwich  Uni- 
versity."*   He  died  in  1840. 

From  this  brief  aoconiit  of  Colburu's  romantic  career,  it  will 
be  seen  that  his  education,  while  much  interrupted,  was  fairly 
good.  He  spent  four  or  five  years  in  the  study  of  languages, 
for  which  he  )<eems  to  have  bad  a  natural  liking,  and  later  was 
able  to  teach  them.  He  began  the  study  of  algebra,  but  did 
not  get  beyond  the  clemeutJt  of  it;  and  he  studied  geometry, 
wfaich  be  found  easy  but  uninteresting,  owing  to  the  lack  of 
any  visible  practical  application.  The  literary  stjie  of  his 
Memoir,  though  far  from  Addisonian,  is  always  readable,  the 
book  is  interesting  throughout,  and  even  the  specimens  of  his 
poetry  given  in  the  appendix  are  not  .npecially  bad,  all  tbiDgs 

'/.  t.,  iu  183J  or  iSjj.  Cf.  Memoir,  p.  ,11,  "•(ter  posaessing  the 
taleut  twenly-two  years",  from  .\ugast,  iSlo;  p.  141.  "nioe  years'  real- 
deace  here"  iu  Ainerica,  (rotii  Juue,  18*4;  p.  166.  "iwenty-lvro  years 
■go",  to  iStoor  1811:  |i,  16;.  "the  1»bI  seven  ye«r«  lh»i  lie  b*s  spent 
In  ihc  tDtveling  con  11  ec tion",  (rom  December.  iSjs-  Tlicse  paissges 
>how  that  the  Memoir  was  not  bef[UD.  or  at  any  rate  had  not  ranched 
the  third  chapter,  helore  183].  and  was  not  completed  until  shortly 
twforc  ita  publication  in  iSjj.  Scripture's  statenicut,  t  here  lot «  (p;^. 
fit.,  p.  II,  note  *].  that  "there  ia  no  atalement  rcKanling  the  time  at 
whicli  they  [  ill*  .1/i-MyjV(s)t  were  written,  or  even  a  <iBieii>  the  preface: 
the  la»i  year  mentioned  in  the  book  li  18J7".  is  dcci'leiM)'  tiiltlcodtnc. 
The  la^  date  printed  in  iifrurcs.  to  he  nure,  so  that  it  could  lie  identi- 
fied by  ■  coTSory  Klooce.  >»  i8»7:  I'm  'he  la* t  date  "roenttooed"  if 
certainly  l8^>,  i(  not  1S33,  even  grantinij  that  all  the  perioiis  of  time 
above  quoted  arc  only  approximate,  and  cannot  be  taken  withotit  an 
allowance  of  half  a  ye»r  one  way  or  the  other  for  possible  error, 

'Scripture,  op.  tit.,  p.  16,  qnoting  from  ^^MwrtVan  Aimanvt.  1840.  p. 
307. 
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considered.  The  qneation  of  tbe  historical  reliability  of  the 
Memoir  will  be  discussed  later;  for  the  present  it  will  suffice  to 
say  that,  ou  q  careful  readiug,  the  book  shun-s  scircely  »  trace 
of  that  self-glorification  with  which  it  has  been  charged  by 
Scripture  and  Binet. 

Concerning  the  rapidity  of  Colbiirn':«  calculations  uol  much 
is  known.  The  only  series  of  problems  whose  Uaies  be  gives 
Its  dates  from  iSt  1,  I>efore  he  was  7  years  old,  and  so  1.1  hardly 
typical  of  his  performances  two  or  three  years  later  when  he 
was  in  his  prime.  The  times  indicated  are  foirly  short,  in 
moAl  cases  shurter  than  if  the  work  had  been  done  on  pai>er  by 
a  good  computer.  The  testimony  of  observers  as  to  bis  "ex- 
trtordiDary  rapidity"  is  of  little  value  in  the  absence  of  definite 
fignrcs;  especially  since  some  of  his  feats,  notably  the  extrac- 
tion of  square  and  cube  roots  and  the  finding  of  factors,  were 
accomplished  by  the  nid  of  extremely  .simple  methnds.  Col- 
bom's  powers  probably  increased  up  to  tbe  time  of  his  visit  to 
Paris  lu  1814;  but  wheu  he  Kave  up  his  regular  exhihiiious, 
and  became  interested  in  other  maltcnt,  he  gradually  lost  much 
of  his  skill.  There  seems  to  be  no  authority,  however,  for  the 
statement*  that  alter  a  time  his  powers  left  him  entirely:  in 
i8a3,  at  any  rate,  after  a  considerable  period  of  disuse,  tbey 
were  readily  revived  for  purposes  of  written  longitude  compo* 
tations. 

Of  his  methods  of  calculation  Colbnrn  has  left  us  a  very 
good  account;  the  only  calculator  of  whom  wc  have  a  fnller 
account  is  Bidder,*  whose  methodscloscly  resembled  Colbum's. 
Buth  men.  in  multiplication,  t>e){an  ut  the  left,  instead  of  at  the 
right  as  we  usually  do  in  written  computations;  and  both,  by 
the  aid  of  certain  properties  of  the  2-figure  endings*  of  the 


'Scripture,  ofi.cit.,  p.  15. 

*Bid<fci*ft  BCCannt  i>  more  (tetBtled.  hclter  wrfttrn,  and  in  luorr  coa- 
ciM  matbctnaiical  UtiKUS|:e  tbftii  Colbarn'*.  sa  a  rc«ult  of  Bldil«i'« 
•nperior  educatioDBl  adriuitage*;  it  conlains,  furthermore,  expUoft- 
IIou>  of  icvcr'l  ol  Hiilt'ci**!  IckU.  inch  u  ttie  uilvinf;  of  compouud 
inteT««t  problrm*.  which  wmild  bav«  b««n  hopelessly  t>cyon<l  Col- 
bniD's  powers.  At  the  same  time  Colbaro'a  account  is  petJecily 
clear,  to  the  iion-niBtheii)altCBl  rcMlcr  pcihap*  cvcd  ctrJiTcr  than 
Bidder's.  In  tbls  uuttcr,  as  in  several  others.  Seriptnr*  is  harilljr 
lair  to  Colbnrn:  thus  he  speaks  of  Colburn's  explanations  as  "(be 
least  [DtclliKiblc  of  all  Ibc  ex  plan  si  ions"  (p.  50).  It  i*  no  reproach 
to  Colburn  that  be  ws*  excrlird  hy  Riililcr:  but  be  certainly  dcacrTea 
credit  (or  what  lie  did  do,  and  one  of  the  tilings  he  did  was  to  write  ■ 
vnj  KOOd  •ccoant  of  his  niethi>ds,  over  twenty  year*  before  Bidder 
fbliaw«d  bis  example. 

■By  a  >-6)[>>re  ending  we  shall  mean  tbe  last  two  figures  of  any 
kIvcu  nnmber;  tbos  56  J*  the  i-fipirc  endinjcof  3456,  01  of  3401.  07  of 
7,  etc.  What  properties  of  these  ead{n]|;s  were  used  by  the  mental 
calctilaton  will  be  explained  hereafter. 
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numbers  used,  were  able  to  fiud  with  remarkable  ease  and 
rapidity  the  Mjiinrc  and  cube  routs  of  exact  squares  aod  cubes, 
and  also,  though  less  rapidly,  the  factors  of  fair))-  large  numbers. 

Colburn  had  two  physical  peculiarities  thai  aeed  to  be  men- 
tioned. ( I )  He  possessed  an  extra  finger  on  each  hand  and 
an  extra  toe  on  each  foot.  This  peculiarity  be  shared  with 
his  father  and  two'  of  hia  brothers.  (2)  In  his  early  years 
his  calculations  were  accompanied  by  certain  bodily  coator- 
tions,  similar  to  those  of  St.  Vitus'  dance.  They  seem  to  have 
passed  away  rather  early;  Colbiirn  himself  has  no  recollection 
of  them,  and  mentions  them  simply  on  (be  authority  of  per- 
sons who  saw  him  when  "quite  a  child."' 

Henri Mondeux*  {1S26-1862)  was  the  sou  of  a  woodcutter 
near  Tours.  Sent  to  tend  sheep  at  the  age  of  7,  he  amused 
himself  by  playing  with  pebbles,  and  thus  learned  mental 
arithmetic.  Jacoby,  a  schoolmaster  at  Touts,  beariug  of  bim, 
sought  him  out,  oflcrcd  to  instruct  him,  and  gave  him  bin  ad- 
dress in  the  city;  but  the  boy's  memory  outside  mathematics 
was  so  pour  thui  he  forf>ot  both  name  and  address,  and  found 
the  Bchoolmaftcr  only  after  a  mouth's  search.  He  received  in- 
struction in  arithmetic  and  other  subjects,  and  iu  i^\Q  was 
exhibited  before  ihc  Paris  Academic  des  Sciences.  In  the 
committee's  report  on  him  we  are  told  that  he  "carries  on 
readily  iu  his  head  not  only  the  vatiouN  arithmetical  opera- 
tions, but  also,  in  many  cases,  the  numerical  solution  ofcqua- 
tions:  he  devises  processes,  sometimes  remarkable,  for  solving 

'Colborn  sBjrsC^/irfwui'r,  p.  ji),  •■Lis  ratb«r  and  two  of  bis  trather'*] 
noim,"  while  Ihc  arconnl  in  the  Philosophical  Magazine  (XLII.  1813, 
p|>.  481-I)  taj'sZcrab  and  three  of  hia brothers.  Ilba&bei'iiiusniiiedin 
the  teit  that  Zemb  did  not  i-nunt  hiniaelf,  and  that  the  oilier  writer 
counle<l  hiiu  twice;  thia  is  the  simple«t  way  of  recondliag  the  two 
B(aleiuent«.  Tlie  peculiatltjr  bad  been  in  Ibc  Colbnrii  family,  we  are 
told,  for  several  generations. 

* Meamir,  p.  173.  Scripture  docs  not  refer  to  thia  meooud  peenliar- 
Itjr;  but  kince  Colburu  rocDtJona  anothrr  luathrniaiical  prodigj  with 
■  ■tmilar  aiBiclion,  and  aiDce  Safford  ibowed  a  iitrikini;  aerroUHien 
in  bla  early  calculation*,  it  bo*  iceincd  worth  while  to  mentron  the 
matter.  Gall,  probably  quolini;  from  the  Mfdical  ami  PhiloippkUai 
yo«if«fl/aitrf/f«»iV»ar(ieleBlreadycited,aecui«tore(ertothian«rTwi»- 
n»a  when  be  aava  (op.  eil.,  V.  p.  86):  "While  he  [Colburo]  answers,  it 
is  seen,  b.v  bi«n]<|ii'ai>ncr.  ibe  slate  of  his  eyes,  ftod  tbccoiilraclioe  of 
his  features,  how  much  his  mind  labors."  Colburn  waa  not  uuile  7 
years  old  when  iccii  by  the  writer  of  the  article  ob  which  Gall's  ac- 
count li  basad.  Gall  hiniaelf.  however,  examined  Colbarn  In  Pad*, 
probably  in  i8t4-     C/.  Mftnoir,  pp.  76-7. 

•Scripture,  op.  tit.,  p.  11;  La  grande  Encyclopidie.  art,  Mondemx; 
Caiicby'i  report  on  Mondeux,  In  Compttt  rentiii!  hridotnaifaires  del 
siancts  dt  I' Acadeinie dri  Seienret.  XI,  1840,  pp.  840.  951;  reprinted  in 
Oenvrits  ComplHts  dr  Caurky,  1*  Sirie,  iSSj.  V,  p.  493.  and  in  Binet, 
op.  cH.,  pp.  14-13.  The  writer  has  been  unable  to  couault  the  other 
referencca  cited  by  Scripture. 
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a  great  nnmbcr  of  diffeient  questions  which  are  ordinarily 
treated  by  algebra,  and  deterinines  in  hU  own  way  (be  exact  or 
ftpproxtmate  vnlnc  of  integral  or  fractional  nunibcrs  which  sat- 
isfy givea  conditions."  More  spedScalty.  lie  finds  powers  of 
numbers  by  rules  of  bis  own  discovery  which  are  equivalent  to 
spedal  cases  of  the  binomial  theorem;  he  has  worked  out  form- 
Blas  for  the  summation  of  the  squares,  cubes,  etc.  of  the  natu- 
ral numbers,  and  for  arithmetical  progression  and  other  scries; 
he  solves  simultaneous  linear  equations  by  a  method  of  bis 
own.  and  Nomctimes  equations  of  higher  degree,  especially 
where  the  root  ts  a  positive  loteger;  and  be  solves  sudi  prob- 
lems in  indeterminate  aiuUysls  as  6ndtng  two  squares  whose 
difference  is  a  given  number.  He  "knows  almost  by  heart 
the  squares  of  all  whole  numbers  under  roo."  learning  a  num- 
ber of  24  figures,  divided  into  four  6-figure  periods,  requires 
5  minutes.  He  can  solve  a  problem  while  attending  to  other 
things. 

Mondeux's  admirers  hoped  that  he  would  one  day  distinguish 
himself  in  a  scieutlGc  career;  hut  this  was  not  the  case.  Like 
his  successor  Inaudi.  whom  he  closely  resembles  in  several  re- 
spects, he  became  a  professional  calculator;  but  he  bad  no 
ability  outside  of  mathematics,  and  even  there  his  i>ower?t  hoou 
reached  a  limit  beyond  which  they  did  not  increase.  He  died 
in  obscurity.  If  we  may  judge  by  the  Academy  rejyirt.  he 
was  almost  the  equal  of  Bidder  in  his  insight  into  mathematical 
relations; '  but  on  the  numerical  side  he  wa.t  far  excelled  by 
Inaodi,  who  conld.  for  example,  memorize  34  figures  in  half  a 
minnte,  a  feat'for  which  Mondeux  required  5  minutes. 

Jatquet  /naudi*  {\>.  1867),  an  Italinn  by  birth,  pa.saed  his 
early  years,  like  Mondeux.  in  tending  sheep.  An  anecdote 
which  Binet  regards  as  rather  doubtful  indicates  a  possible 
prenatal  influence  in  the  direction  of  calculation:  otherwise 
there  is  nothing  noteworthy  in  his  heredity.  His  passion  for 
figures  be^an  about  the  age  of  6,  and  at  7  he  could  carry  on 
mentally  multiplications  of  5  figures  by  5  figures.  His  educa- 
tion is  very  slight;  he  did  not  learn  to  read  and  write  until  be 
wat  20  yenrs  otd.  Outside  of  mental  calculation  he  has  no 
special  ability;  bis  memory  for  most  things  except  figures  is 
rather  poor,  and  he  is  often  absent-minded.  At  last  accounts 
be  was  still  a  professional  calculator,  living  by  public  exhibi- 
tions of  his  talent.     He  visited  the  United  States  in  1901-2, 

'  Jn«t  bow  mncb  Hoodeax  owed  to  Jacolijr'a  teacbiag  Is  banl  to  My. 
The  WTtter  bo*  been  anablc  10  consult  )9iccih'f'%  BiographU  d'ffenri 
Mondeux  or  B«rhitt'«  VU  iV HtHri  Moiiiemx:  Bloet,  bowfvtr.  wbo 
ctlej  Iwtta  tbcie  worki,  lays  tbat  Jacoby'v  leSKm*  were  "aani  grand 
mcci*."    {Op.  til.,  p.  14.) 

■BlMt,  vp.  fit.,  pt>.  34-109,  199-104.  ttp^ttim. 
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appearing  in  msny  of  the  larger  cities,  and  Is  said  to  have 
been  fairly  well  received  by  American  audiences. 

Telling  on  what  day  of  the  week  n  given  date  falls  is  one  of 
his  favorite  problems.  The  reduction  of  years,  months,  etc.,  to 
seconds  he  nccomplishes  almast  iii.slantly,  knowiug  by  heart 
the  number  of  seconds  in  a  year,  month,  week,  or  day.  He 
solves  by  arithmetic  problems  corresponding  to  algebraic  equa- 
tions of  the  first  and  i^nictimts  of  higher  degree,  also  snch 
problems  as  the  resolution  of  a  given  4-  or  5-figurc  number 
into  the  sum  of  four  squares.  In  these  latter  esses,  however, 
he  proceeds  for  the  most  part  simply  by  trial,  aided,  of  course, 
by  his  skill  iu  calculation  and  his  familiarity  with  many  squares, 
cubes,  and  the  like.  At  his  regular  performances  the  pro- 
gramme includes  the  subtractioti  of  one  21-figure  number  from 
another,  the  addition  of  five  6-&gure  numbers,  the  squaring  of 
a  4-6gure  number,  the  division  of  one  4-figure  number  by  an- 
other, the  extraction  of  the  cube  root  of  a  g-Sgure  number  and 
the  5th  root  of  a  i3-6gure  number,  or  mich  >imilar  problems  as 
may  be  propoecd  by  the  audience.  As  each  number  is  an- 
nounced he  repeats  it  slowly  to  his  assistant,  who  writes  it  oa 
the  blackboard  and  then  reads  it  aloud,  to  make  sure  there  ts 
no  mistake.  Inaudi  then  repeaLs  the  number  once  more,  after 
which  he  devotes  himself  to  the  solution  of  the  problem,  mean- 
while making  an  occasional  remark  to  keep  the  audience  in 
good  humor.  Throughout  the  exhibition  he  faces  the  audience, 
ne\'er  once  looking  at  the  blackboard.  Actually  he  begins  his 
calculation  as  soon  as  the  numbers  are  given,  and  carries  it  on 
during  the  various  repetitions  of  the  numbers  by  himself  and 
his  assistant,  so  that  by  the  time  he  seems  to  begin  the  solution 
be  may  be  well  advanced  [ouard  the  answer.  In  thi.s  wny  be 
appears  to  work  much  more  rapidly  than  he  really  docs. 

Inaudi  Li  a  well-marked  instance  of  the  auditory '  memory 
type.  When  he  thinks  of  numbers,  iu  calculation  or  otherwise, 
he  does  not  see  them  "in  his  mind'seye,"  as  arrays  of  dots  or 
other  small  objects,  or  as  written  or  printed  figures;  numbers 
are  for  him  primarily  avrds,  which  he  hears  as  if  spoken  by 
his  own  voice,  and  duriug  his  calculations  he  almost  always 
pronounces  at  least  some  of  these  words,  cither^-ith  partial 
distinctness  or  in  a  confused  murmur.     Any  intenEfencc  with 
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'  Actu«lly  it  would  be  more  correct  to  call  bis  type  ■IjAtory'inotoi, 
Bud  the  Mtmc  is  probably  true  ol  luoft  of  tbcothet  auditory  calciilatora 
wc  iiliall  Rtiidy,  since  «  pure  or  non-motor  aiidllory  itidMdiial  ia  rmre. 
For  conrcnience.  however,  the  Hriterlins  followed  Bind'* termitia logy. 
Th«  mcnKrencss  of  onr  information  in  luo^l  fasa  mn\ee»  it  dlliicult  ta 
tell  fust  what  part  the  motor  eleiuent  pUrs:  And  this  is  especially  trae 
when  we  are  dealing  with  a  limited  field  like  cnlcuUlion,  where  the 
motor  element  nay  often  play  a  let*  important  part  ttaan  in 
other  6eld». 
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i1  articulation  cmbarriisses  him,  and  prolongs  his 
He  remembers  a  number  very  much  more  readily 
after  hearing  it  than  after  seeing  it;  in  fact,  if  a  written  num- 
ber is  handed  to  hint,  he  usually  reads  it  aloud,  in  order  to 
learn  it  by  aound  rather  than  by  sight.  Whether  visual  images 
•re  tniirefy  absent  is  a  purely  theoretical  question;  it  is  at  least 
clear  that,  if  present  at  all,  they  play  a  negliftible  part  in  bis 
mental  computations.  We  shall  later  find  reason  to  believe 
that  tbiscondition  is  by  no  means  so  rare  as  has  been  supposed. 
OwiOK  to  the  traditions  of  English  and  French  psychology,  the 
Tianal  theory  of  mental  calculation  has  lain  ready  to  hand,  and 
has  in  the  past  found  much  apparent  cotifirmatiou.  Bui  now 
that  an  unmistakably  non-visual  calculator  is  on  record,  it  will 
no  longer  do  to  beg  the  whole  question;  wc  must  insist  on  con- 
sidering each  case  upon  its  owu  merit!*,  either  settling  it  by 
definite  evidence  or  leaving  it  frankly  in  doubt.  Wc  shall  see 
later  how  much  of  the  suppowd  evidence  for  the  visual  theory 
falls  before  a  careful  examination. 

On«  of  Inaudi's  most  marked  characteristics  is  his  powerful 
memory  for  fiRures.  In  one  experiment  he  watt  able  to  repeat, 
aiier  a  single  hearing,  though  with  an  effort,  36  figures,  rend 
oS  to  him  slowly  in  groups  of  three;  but  in  the  attempt  to 
repeat  50  fignre.-!  under  the  same  conditions  he  became  con- 
fused, and  got  only  42  of  them  correct.  This  latter  number, 
43,  Biuet  therefore  takes  as  the  limit  of  Inaudi's  power  of 
acquisition,  or  "mental  span,"  under  these  conditions.  In  an 
experiment  made  to  determine  In  what  lime  he  could  learn  too 
figures  reftd  off  to  him  in  groui}s  as  often  a.s  recine^ted,  he 
learned  the  first  36  in  a  minute  and  a  half,  the  first  57  in  4 
minnle.4,  7,s  in  5^  minutes,  and  the  whole  100  (actually  there 
were  105)  in  13  minutes.  On  the  other  baud,  be  can  repeat  in 
order,  at  any  time  within  a  day  or  two,  ail  the  figures  used  in 
his  last  performance,  whether  in  the  statement  of  the  problems, 
in  the  answers,  or  in  the  intermediate  calculations.  The  num- 
ber of  iheiie  figures  at  times  runs  as  high  a.s  300,  and  the  total 
duration  of  the  performance  is  usually  not  more  than  10  or  12 
minutes.  Each  new  performance.  liowe\'er,  blots  out  of  his 
memory  almost  entirely  the  figures  used  in  the  previous  one; 
but  such  constauta  as  the  number  of  seconds  in  a  year,  etc.,  as 
well  OS  many  powers  and  products,  and  any  particular  num- 
bers or  results  in  which  he  for  any  reasou  taiccs  a  special  in- 
terest, remain  peimauently  with  him.  The.se  facts  show  Itow 
important  it  is  to  lake  account  of  the  conditions  of  .such  experi- 
ments if  the  figures  established  by  them  arc  to  have  scientific 
value.  In  an  experiment  lasting  the  same  length  of  time  as 
one  of  his  regular  exhibiiioos,  but  under  veT>'  different  condi- 
tions, Inaudi  can  learn  only  a  third  the  number  of  figures  he 
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remembers  with  ease  under  bis  usoal  conditions.  In  these 
public  performances,  howe\'er,  each  number  in  the  problem  ns 
given  is  re]>eated  several  times  (twice  by  Insudi  himself,  and 
once  eacli  by  his  assistant  and  the  proposer  of  the  question), 
and  the  figures  of  the  various  calculations  und  the  result  have 
a  logical  connection  in  the  problem.  Moreover,  the  numbers 
are  learned  in  relatively  short  stages,  .separated  by  Intervals  In 
which  they  can  be  assimilated.' 

CoDccming  the  rapidity  of  Inaudi's  calculations  we  have 
ftirly  full  information. — so  much  fuller,  in  fact,  than  we  have 
for  any  previous  calculator,  that  no  satisfactory  comparisons 
can  be  made.  Since  the  results  of  Biiiet'ji  «x[)erimeuts  are 
readily  accessible,  a  brief  summary  of  them  will  here  suffice. 
In  each  experiment  the  subject  was  given  a  written  column  of 
nitinbers,  each  of  which  was  to  be  memnlly  incrensed  or  dimin- 
ished, multiplied  or  divided,  by  the  same  number;  in  other 
words,  the  addend,  subtrahend,  multiplier,  or  divisor  was  tmi- 
form  for  the  whole  given  column  ot  numbers.  The  rcsultji 
were  called  off  down  Uie  column  as  fast  as  obtained,  and  the 
average  time  for  eocb  single  operation  thus  determined.  These 
tests  were  made  on  some  of  Binet's  pnpiU.  on  luaudi,  and  oo 
four  department  store  cashiers  who  were  thoroughly  practiced 
in  addition,  inibtraction.  and  multiplicAtinn  of  small  numtwra, 
and  could  perform  mentally  2-figtire  muUiplications,*  and  in 
some  cases,  though  with  difficulty,  ^-figure  multiplications. 
The  students  were  of  course  considerably  slower  tban  Inandi 
and  the  cashiers;  hut  the  cashiers,  in  dealing  with  the  smaller 
numbers  to  which  they  were  accustomed,  were  fully  as  rapid 
as  Inaudi,  in  some  cases  slightly  more  rapid.  In  dealing  with 
larger  numbers,  howe^'er,  which  exceeded  the  limits  of  tbeir 
customary  calculations,  their  inferiority  lo  Inaudi  was  ver>' 
marked. 

'Uoiidcnz,  it  will  bv  remembered,  required  5  tnlnoiM  to  Icara  34 
BKuiea,  vrlicrca>  lenrniiig  this  nambei  ol  fi^tii««  it  a  commun  incHteoI 
of  Inandi' s  exbibicioni.  and  inkes  only  ball  n  miiiute.  Here  BKaln, 
bowt!T«r,  ibe  results  arc  not  directly  comparable.  Moodeuv  leained 
the  number  in  croups  o(  6  figures,  and  preinmably  from  a  paper  ot 
blackboard,  while  Inaudi  always  ^''oiips  [lurobcrii  in  pcriodi  of  three. 
and  le«iii«  ihcm  by  audition  in&tead  of  vision.  We  shall  relcf  later  to 
a  iliitini'iion  which  ninit  be  made  between  the  direct  and  Immediate 
feme  m  lie  Hug  of  figures  which  re*ult«  from  ileliherately  commJitiug 
Ihrni  to  memory,  and  the  very  rapid  «ti<l  stibrevlnted  automatic  cal. 
culaiions  which  in  some  of  ihc  prodigies  simulate  direct  memory. 
Rceol lection  ss  the  result  of  repeated  calculation  may  form  •□  liitCT- 
tuediste  slej;e  In  the  pssssK*'  of  the  latter  luio  the  former.  Tbe«e 
distioctions  will  become  important  in  conaection  with  the  mncb 
diicutsed  cinestioQ  whether,  and  to  what  estent.  the  mental  calcula- 
turs  poisesaed  exteiideil  mil  I  ti  plication  tables. 

•By  a  3-fif^nre,  or  in-fignre.  niuUi plication  will  be  understood  here- 
after a  multipHcnlioD  tn  which  each  of  the  two  number*  cootaitu  > 
(or  It)  figure*,  and  the  product  3  or  4  (a* — i  or  an)  figures. 
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m''  (b.  1867),  an  Italian,  bom  in  the  same  yt^ar 
atrynao  iDaodi,  receix'ml  a  fair  education.  HU  ia- 
terest  in  nombeTs  began  at  the  age  of  13,  and  when  14  he 
could  solve'  any  problem  his  teacher  proposed  to  him.  While 
»cT\-tng  his  term  in  the  army  he  was  for  a  time  stationed  at  a 
raitToad  depot,  where  be  amused  himself  by  gradually  com- 
mitting  to  memory  a  vast  t>ody  of  stalt&ticH  telatioK  to  time- 
tables, distances  between  different  cities,  population,  tariff, 
etc  When  he  later  took  to  the  stage  as  a  professional  calcu- 
lator, questions  based  on  these  statistics  formed  part  of  his 
regular  programme.  Among  his  other  usual  feats  arc  the 
repetition,  either  forwards  or  backwards,  of  a  memorized  num- 
ber of  256  figures,  the  »]uanng  of  numbers  up  to  4.  figures  and 
the  cubing  of  numbers  up  to  3  figures,  finding  the  5th  powers 
of  2-figurc  numbers,  and,  conversely,  extracting  the  5tb  root 
of  any  number  of  10  figures  or  less,  the  cube  root  of  any  ^-figure 
number,  and  the  s^inarc  root  of  any  number  of  7  figures  or  less, 
whether  the  given  number  is  a  perfect  power  or  not.  In  these 
problems  he  is  aided  by  his  knowledge  of  many  perfect  squares, 
ciilj«.  cic,  as  well  as  by  various  properties  of  3-figure  endings, 
with  which  he  is  thorouRhly  familiar.  He  possibly  has  a  num- 
ber-form, in  which  the  numbci.t  from  i  to  10.  from  10  to  100, 
and  from  100  to  looo  arc  arranged  along  three  horizontal  lines. 
This  number*form,  however,  if  it  really  exists,  plays  little  or 
no  part  in  his  actual  calculations. 

Arru/es  DiamaMdi*  (b.  i&dfi).  the  son  of  a  Greek  grain 
merchant,  attributes  his  calculating  gift  to  his  mother,  who 
"has  an  cxcellcut  memory  for  all  sorts  of  things."  One  brother 
and  one  sititer,  out  of  a  family  of  fourteen,  share  his  aptitude 
for  mental  arithmelic.  He  entered  school  at  the  age  of  7.  and 
remained  there  until  he  was  16.  always  standing  at  the  head  of 
the  clii.-LS  in  mat  hematics.  But  it  was  only  after  entering  the 
grain  business  himself,  in  1884.  that  he  discovered  his  powers 
of  mental  calculation,  which  he  now  found  very  uwful.  He 
knows  five  languages, — English,  French,  German,  Roumanian, 
and  his  native  Greek, — and  is  a  great  reader;  he  has  read  all 
be  can  find  on  the  subject  of  menial  cnlculalion;  and  be  has 
written  novels  and  poetry,  coucctniug  whose  quality,  however. 
Binet  does  not  enlighten  us.  It  will  thus  be  seen  that  Dia- 
mandi's  education  is  much  better  than  Inaudi's,  and  his  range 

'  Rivista  sperimentaU  di  Frtniatria.  etc.,  XXIII,  1897,  pp.  I33-I59> 
407..I19.  A  lUiuDiaiv  ai  tb»c  nrliclc«.  in  Germau,  U  found  ia  the 
ZtHsfJtriJt /€r  Piytiologtf  ittid  nytiologit  der  Stnnfforganr.^W, 
JS98.  p.  JI4-  The  writer  is  indebltd  to  Mr*.  Rose  narrinxttm  (or  a 
trantfatton  of  ctitistdcrBble  poriioTiK  of  itac  oriiciTiBl  ItBlUn  atticles. 

*  UcDially,  it  1i  to  be  pr««uuic<l,  llioiixli  the  article  it  not  explicit 
on  tfaia  point. 

'  Binet,  ofi,  eii.,  pp.  tio-154,  98,  1S7  ff.  passitH. 
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of  interests  correspondm|i;ly   wider,  but  that  h«  wu  &r 
precocious  in  calculation  than  bis  rival. 

Diamandi  is  of  (be  visual  tneroory  type.  He  has  a  tiumlier- 
form  of  a  common  variety,  running  zigzag  from  left  to  right, 
and  civitiK  most  space  to  the  smaller  unmbent.  This  nttmber- 
rorm  he  sees  as  localized  within  a  peculiar  grayish  figure, 
which  also  serves  as  a  framework  for  any  particular  number  or 
other  object  which  be  visualizes.  He  btu  colored  audition  for 
the  names  of  various  persons,  the  days  of  the  week,  etc.,  and 
if  a  few  figures  iu  a  given  number  differ  in  color  from  tbe  rest, 
he  remembers  the  colors  without  effort.  If  the  color  scheme 
is  more  complicated,  however,  he  first  memorizes  the  number 
and  then  Iciirn.s  the  colon*  of  the  individual  figures.  He 
always  sees  numbers  as  written  in  his  own  handwriting,  and 
prefeiably,  if  the  numbers  are  large,  in  a  rectangle  as  nearly 
xqnarc  as  ]>ossiblc,  rather  than  in  one  or  two  long  lines.  He 
]earns  spoken  figures  (in  French)  much  less  readily  than  writ- 
ten. .^ince  in  the  ciisc  of  spoken  figures  he  mn.<st  not  only  call 
forth  the  corresponding  visual  images,  but  translate  the  num- 
bers into  Ilia  native  Greek,  in  which  all  bis  calculations  are 
carried  on.  Where  he  seeks  to  Ic«ni  the  figure:<i  ver>'  accu- 
rately, for  purposes  of  calculation,  be  is  only  about  half  as  fast 
as  Innndi:'  but  where  be  is  concerned  with  speed  rather  tbao 
accuracy  his  tiroes  are  much  shorter.  In  the  one  case  be 
learned  10  figures  in  17  seconds;  in  tbe  other,  11  figures  lo  3 
seconds. 

In  calculation  Diamandi  is  considerably  slower  than  Inaudi, 
whether  the  numbers  concerned  arc  large  or  small.  His  time 
was  137  seconds  tor  a  4-figure  multiplication,  whereas  luaudi 
could  accomplish  the  SAme  feat  in  3isecoiid.s.  Diamandi  finds  tbe 
various  figures  of  the  product  in  order,  from  right  to  left,  by- 
cross- multiplication;  thus  iu  such  an  example  as 

46273 

416457 
92546 
3339" 

33733017 

he  finds  the  figures  of  the  partial  products  not  in  the  horlsoo- 
tal  lines  of  the  ordinary  method,  but  in  vertical  lines, — first 


I  Here  again,  tiowcver,  we  must  be  careful  about  direct  compariton* 
of  diBMrnilar  liata,  sinct  Diamatidi  leamed  from  a  pnp^r  nii<I  wrote 
out  bj*  retnltii.  vlijlc  I  □audi  dcpcmlcd  od  auditioQ  and  speech.  Moie- 
OTtr,  DUmaadi'*  limes  were  lonud  to  be  aubjcct  to  couiidetablc  vari- 
ation from  day  to  day. 
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7,  tbco  5,  6,  then  4,  4,  1.  tbcn  6,  5,  i,  etc.. — and  adds  each 
column  before  he  proceeds  to  find  the  numbers  that  compoee 
tbc  next  column.  This  method  ha^  the  ndvautaK^  Ihat  the 
various  figures  of  the  partial  products  can  be  lorgottcn  almost 
as  faxl  as  obtained,  since  thai  figure  of  the  total  product  which 
depends  on  a  given  column  of  the  partial  product  is  found  and 
lecorded  as  »oon  an  llie  column  U  kuowu,  and  the  numbers  in 
that  column  therefore  play  no  further  part  in  the  calculatiou. 
On  Diamaudi's  performances  in  other  operations  than  multi- 
plication Binct  gives  us  no  dau. 

Jokann  Martin  Zaehariat  Dase^  i^\%3^-\^fi\')  n'Os  born  in 
Hamburg.  Cuncemin);  hb  heredity  we  have  no  information. 
He  attended  school  at  the  age  oi  2%  years,  but  attributed  his 
powers  to  later  practice  aud  industry  rather  than  to  his  early 
inatruclion.  He  sccms  to  have  been  little  more  than  a  human 
calcalating  machine,  able  to  carry  on  enormous  calculations 
in  his  head,  but  nearly  incapable  of  understandiUR  the  princi- 
ples of  matbematici;,  and  of  very  limited  ability  otit-side  his 
chosen  field.  In  this  respect  he  resembled  Buxton;  but  in  the 
ra|>idily  aud  extent  of  his  calculations  he  was  incomparably 
superior  to  Buxton,  or  indeed  to  any  otber  calculator  on  record. 
He  multiplied  tu^elhcr  mentally  two  8-Ggure  numbers  in  54 
seconds,  two  jo-figurc  numbers  in  6  minutes,  two  40-fi^ure 
numtiers  in  40  minutes,  sind  two  loo-figure  numbers  in  %% 
hours;  he  could  extract  the  square  root  of  a  6o-fig«re  number 
in  an  "incredibly  short  time,"  and  the  square  root  of  a  too- 
figure  number  in  53  minutes.  All  these  times,  with  the  ex- 
ception of  that  for  the  loo-figure  multiplication,  are  probably 
more  rapid,  in  some  cases  much  more  rapid,  than  those  of  a 
good  compmer  using  paper.  Buxton.  It  will  be  remembered, 
once  »ucct;eiit-d  in  miiltijilyinji;  two  ."ig-figure  numbtrs;  other 
calculators,  however,  seem  to  have  been  unable  to  handle  mul- 
tiplications much  above  15  figures.  But  if  there  was  any  defi- 
nite limit  to  Dose's  powers,  the  experiments  of  which  we  have 
record  do  not  show  it.    We  shall  later  find  reason  for  bellev- 

'AI»o  apett  Dttkte.  The  fall  name  U  given  on  the  authority  o( 
Broekhani's  A'oiil>trialiont-/,tJriiOfi,tt\.  1898,  Rit.  Dase.  Scripture, 
fallowing  the  tlllc-page  ol  Dmc's  potlliumously  published  Fattortn- 
Tit/tlH  (3  vol«.,  1661.5).  Ri'^c*  'he  nnnic  na  limply  Zacliariiis  Doae, 
wbicb  Mem*  to  be  the  wny  in  which  Pam'  uKoally  wrote  it.  Ou  DsM'l 
lifcaad  calcaiatiooit  ttee  Seriptnrc.  o/t,  Hi.,  p,  18:  Srif/zrffAsflstvitfM- 
e»  Gauss  nnd  Schumather.  Aliona,  1861.  Ill,  p.  ^i;  V,  pp.  30.  31. 
177.8.  »5-8,  300-304;  VI,  pp.  37.8,  78.  ti»;  Crtllc's Journal  -.fourual 
f.d.  rnne  n.  angtit-andU  AfalAeifuliJt),  XXVII.  1844,  p.  198:  Ziicha- 
rins  Daic,  Fatloten-  Ta/tin,  HaiDbarg,  Vol.  I,  iSISj.  Preface;  Scbiiiiler, 
Ltxikon  d.  kamburgischeH  StkriflslelUr,  1851.  art.  Date;  Preyer, 
"Coaming  UncouM-iomly,"  Pop.  Sri.  Afonihly.  XXIX.  18&&.  p,  »i; 
Brockbauk'a  Konvrrsations-Lrxikon,  169B,  art.  Datt.  For  other  t«(' 
vrcncca  mc  Scriptnte,  lo(.  cit. 
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log  that  the  too-Ssure  multiplication  was  not  really  a  severe 
tax  upon  his  powers  of  mental  arithmetic.  In  short,  Dase'a 
achievements  so  far  transcend  those  of  any  other  recorded  cal- 
culator that  he  stands  in  a  class  by  bitnself,  unapproacbed  by 
any  of  his  rivals. 

At  the  age  of  i  s  Dase  began  his  public  exhibitions,  and  con- 
linnrd  tbem  for  a  number  of  years.  He  soon  numbered  among 
bisfiriends  several  eminent  mathematicians,  however,  and  their 
influence  gradually  led  him  mnre  and  more  to  devote  bis  va.st 
powers  to  the  ser\'ice  of  science.'  Among  his  (non-mental) 
com  potations  are  included  the  determiiiatiou  of  the  value  of 
to  300 decimal  places*  by  the  formula 

J  =  tan  -'  i  +  tan  ■'  i  -f-  tan  -'  |, 

a  labor  of  two  months;  the  computation  of  the  7-pIace  natural 
logarithms  of  the  numbern  from  1  to  1,005.000;  and  (actor- 
tables  fur  the  7th  and  8(h  millions  (except  a  small  portion) 
and  parts  of  the  9th  and  lotb  millions.  This  last  task,  bow- 
ever,  was  one  in  which  bis  patience  and  perseverance  were  of 
more  value  than  his  sltill  in  calculation,  since,  by  methods  to 
which  Gauss  was  careful  to  cnlt  his  attention,  the  work  was 
made  mainly  mechanical.  Dasc  had  planned  to  carry  the  table 
through  the  lotb  million,  but  death  cut  short  his  labors.    Tb« 

■Scripture's  statement  (d^.n/.,  p.  19)  Ibst  Colbnrn  and  Mondeux 
"enjoyed  eren  Krcaler  adTSntagea  [than  DaM,}  yet  tailed  to  yield  any 
rcnulu"  in  the  fcrvicc  of  icicuce,  U  mlatudiDf;.  Wjtb  botb  Hoadenx 
and  Dane  tbc  tmuble  iicem*  to  have  been  not  lack  al  opportaulty  to 
acquire  matticmaiicnl  IcnowlcdKC,  tiut  lack  of  nat ire  ability  to  use  the 
opponuTiities  they  bad.  With  Colburn,  on  the  otbcr  band,  tbc  trouble 
rially  was  at  t«ast  in  part  lack  uf  opportunity;  be  certaialy  did  not 
enjoy  ibe  opportunity  to  nltend  onircTsity  lectures,  nor  did  any  cini- 
neot  niatbemallcian  try  "iu  vain  for  aiz  w<ckt  to  i;vl  tbc  firit  elc- 
mentaol  metbcmatica  into  his  bead"  (ibiJ..  p.  iS;  Gaus'-Si'bumacber 
Britfwe<httl.  in,  p.  381;  V,  pp.  yi.  19;). as  in  tbccsacol  Dase.  Mote- 
over,  Colburii'*  dewciiplioTi  of  bis  incl!ii>iU  must  l)c  reckonc<l  ■»  an 
important  coatribution  to  the  science  of  psychology,  none  the  less 
icnporiaiit  became  It  i*  nonirwbal  inferior  lo  Bidder's  later  descrip- 
tion. For  other  initancea  of  Scripture's  unfairness  to  Colbura,  nee 
Appendix  I. 

'Scripture  oialu  %a  mention  any  ipecific  uumbcr  of  decimal  pincea, 
tbuugb  10  both  tbe  references  bci;iv«*(p.  \^').x.oCttlWs  Jourti»t 
and  to  the  Gauas-Scbmnncbct  ffri^/n'^cA.t^/,  the  nuint>«r  of  decimal 
placo  tR  made  prominent.  The  natural  infcteocc  would  be  ttaat 
Scripture  rec;Arded  *  as  a  commensurable  number  of  «xa«rl)y  loudccl- 
tnal  places;  but  iu  view  of  bia  frequent  use  of  hii(hei  mathematics  ia 
b{(  other  publishc-l  works,  one  bcsitncei  to  attribute  to  bira  so  ktom 
an  error.  Of  course  anybody,  with  a  loKaritbm  table  and  a  llttla 
knowledge  of  geometry,  can  compute  the  value  of  v  to  tbiee  or  four 
places;  tbe  record  of  «uch  a  oniput.tiiou  Is  absolutely  meaningl 
without  speciSc  mention  of  tbenumberaf  Ggnrcs  to  which  t* 
puution  IS  carried  out. 
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tattles  n-ere  cotnpleled  by  another  band,  and  published  as  far 
as  the  9th  million  in  1&63-5, 

Dase  had  one  other  notable  gift,  doubtless  related  to  his  c«l* 
cnlating  power:  he  could  count  object.-*  with  the  greatest  rapid- 
ity. With  a  single  glance  be  ooiild  give  the  number  (up  to 
thirty  or  thercal>ouL'()  of  pcaii  in  a  handful  scattered  on  s 
table;  and  the  citsc  and  )ii>ced  with  which  he  could  couut  the 
□umber  of  sheep  in  a  heed,  of  books  in  a  case,  or  the  like, 
sever  failed  to  amaze  the  beholder.  Here,  again,  his  powers 
are  so  far  in  advance  of  iho»c  of  any  oihcr  recorded  person 
that  he  stands  in  a  class  by  himself. 

George  Parker  Biddfr^  (1806-1878),  "the  elder  Bidder." 
was  the  son  of  a  stone-mason  of  Devonshire,  England.  The  in- 
dications of  hereditary  itifltience  are  stronger  in  the  Bidder 
family  than  in  thai  ui  any  other  calculator.  Bidder's  eldest 
bruiher,  a  Unitarian  minister,  had  an  extraordinary  memory 
for  Biblical  texts.  buC  no  sixrciitl  nrithmcticiil  gift;  another 
brother  was  an  excellent  mathematician  and  an  insurance  ac- 
tuary; a  nephew  early  showed  remarkable  mechanit-il  ability; 
Bidder's  eldest  son,  George  Parker  Uiddcr.  Jr.  (hereai'ier  re- 
ferred to  as  "the  younger  Bidder"),  inherited  in  conHiderable 
degree  hut  father's  gift  for  mental  arithmetic,  together  with  bis 
uncle's  mathematical  ability,  being  seventh  wrangler  at  Cam- 
bridge in  1858:  and  two  daughters  of  the  younger  Bidder 
showed  "more  than  average,  but  not  extraordioarj-  powers  of 
doing  mental  arilhmeiic."  '  Other  members  of  the  family  were 
distinguished  in  n<>n-niatheranticfll  ways. 

'ScripluM.  op.  eil.,  p.  ay,  Ptotttdingi  Imlilntian  of  Civil  Engi. 
lutrt.  XV,  18554.  p.  J51;  LVII,  1878-9,  p.  *94;  CalburH'a  A/emoir,  p.  175; 
/»»/.  Mag..  XLVII.  i8i6.  p.  314;  SfieUalor,  LI.  1878.  pp.  1634-5;  LIl. 
1879,  pp.47.  III. 

•SfiteMor.  LI,  1878,  pp.  ■634-5.  In  ttiU  arlkte  the  youDcei  Didder 
i*  referred  tv  hb  Ur.  G,  Bidiier;  but  lii*  lull  name  who  the  uttnc  lu  ilmt 
ol  hi*  fattier.  Gcorec  Parker  Bidder.  {C/.  Joi.  FMtci'a  MtH-tit-tkf 
Bar.taA  cd.  Loucon.  18S5,  kii<I  The  Law  /-t'l/,  London,  lot  iSSi.) 
Scriptnre  relera  to  both  fHlbcr  sod  ion.  In  differeut  place*,  as  GtsM'xe 
Bidder,  and  toihe  son  uauslly  as  Grorgc  Bidder,  Q.  t:.,  Mr.  Bidder,  Q. 
C.  or  the  youDgfr  Bidder;  by  Bidder  [uiitjuallfied)  he  always  nieao* 
tbe  elder  Bidder,  except  in  one  cas«  (ji.  lb),  where  the  coateic  pre* 
Tcnts  any  luiouDdcritaudiog.  Alter  notiuj;  tbat  the  liinllarity  of  the 
two  Daiue*b««  caused  somecoiil'atioii,  be  Icll  u»  (loc.  eil.),  MMncwbnt 
dogmstkaUy.lbat  "the  only  way  out  of  thedifficullr  is  to  dlvtluguUh 
tbr  *<in  by  adding  hi*  title  [Q.  C.}."  (Why  would  not  the  »on'a  A. 
B..  or  A.  M..  or  111*  date  of  birth,  or  the  father's  C.  B.,  answer  just  a« 
well?) 

Dcapltc  tbi*  device  for  avoiding  difficulty.  Scripture  ba*  fallen  into 
sad  coofntion  in  deailitK  with  the  Tariou*  member*  of  the  Didder  fam- 
ily. On  p,  38  of  hia  ankle  be  ()uote«  from  the  Spittalor  [lot.  cit.)  tlic 
»euienee:  "II  I  perform  a  gnm  mculally,  it  nlway*  proceed*  in  h  visi. 
bic  form  Id  my  mind;  indeed,  I  can  concctTc  00  other  way  possible  of 
doing  mcnul  aritbaietlc",  omittiuK  the  comma  after  "mentally",  but 
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uitciiell; 


At  the  age  of  6  Bidder  learned  from  an  elder  brother  to  count 
lo  lo,  then  to  loo;  this  was  the  only  formal  instruction  in  fig- 
ures he  ever  received.  From  counting  by  units  to  counting 
by  io'»,  nnd  tlien  by  $'*,  was  a  natural  development.  He  then 
set  about  learning  the  multiplicatiou  table  up  to  lox  lo,  with 
the  aid  of  shot,  marb1e»,  etc.,  until,  as  be  expresses  tt,  the 
numbtrs  np  lo  loo  became  his  friends,  and  he  knew  all  their 
relations  aud  acquaintances.  A  year  or  so  Inter  his  midineM 
in  solving  simple  problems  mentioned  in  his  hearing  attracled 
attention,  and  he  acquired  a  considerable  local  reputatioo. 
Bits  of  mathematical  iuformaliou  (snch  as  that  to  x  loo  means 
looo.  etc. )  and  bnlfpcnce  contributed  by  hia  admirers  conduced 
to  the  gradual  development  of  his  talent,  aided  by  h(s  nntnnil 
keenness  in  reasoniug  about  numerical  relations:  so  thai  he  was 
soon  able  lo  perform  4-.  5-.  aud  6figure  mult  i  plications  men- 
tally. Meautime  he  came  to  observe  various  interesting  prop- 
crtie.s  of  numbers, — the  formulas  for  the  sums  of  numerous 
series,  casting  out  the  9's,  short  cuts  in  multiplication,  proper- 
ties of  squares  and  of  2-fignrc  endings,  and   Ihe  like.     As  a 

correctly  aitributing  the  rcmatk  to  tbe  yoaager  Bidder.  On  p.  57, 
however,  he  makes  (he  same  quotation,  thla  tiote  adding  a  RupcrSuoua 
"of"  after  "cuDCeive"  auJ  oiiiittinii;  the  comma  U  before,  but  now  nt- 
triliutine  the  ciuotatton  nimply  to  Bidder  (MntiatXi6ei'),  mcauing  ibc 
e/Jtr  SiJiler.  hh  Itie  context  uiiiiii«ta1uib1y  showt;  for  a  little  lanber 
on  he  *iyt,  "This  faculty  wai  alio  iabeiitcd  [iTimimitted?],  bat  vrith 
a  very  remarkable  differeDce.  The  youngfr  Bidder  [italic*  »la«.' 
iblnkK  of  Mch  unmber  in  ita  own  definliQ  place  in  a  nnmber-tonn,' 
etc. 

But  a  worse  confution  thati  this  is  still  lo  be  noted.  The  $Pfftator 
COrrenpoudeuceaboTe  cited,  priuted  just  after  tlic  elder  Bidder's  death, 
moveil  another  correspuudent  {Spectator,  Lll,  1879,  p.  143)  to  quote 
(roni  ItrierUy't  fournal  for  Jan.  35,  iSjg.  the  caac  of  ad  eiehtccath 
ceiiluiy  Dissenting  minister,  the  Rev-  Thotuaa  Thrvlkcld,  who  bad  a 
mcnioiy  (or  Biblical  text*  similar  to  that  of  the  elder  Bidder'i  brother. 
On  the  atreiiKt'i  *>'  <bi*.  Scripture  tell*  u*  (p.  37):  "One  of  hia  [th« 
elder  Bkliter's]  brotbers  was  an  excellent  DiatheniaticiaD  and  aa 
actuary  ot  the  Roval  HKCbauge  Life  .\S8Qrance  Office.  Rev.  Thomas 
Threlkeld.  BB  elder  biothec  [!!•  "^'^  ■■  fnitarian  minider.  He  waa 
not  remarkable  aa  an  arithmetician,  but  be  posscued  the  Bidder  mem< 
ory  and  sbowed  the  Bidder  iucliuation  for  fi](iiret,  but  lacked  the 
power  of  rapid  cakulBltan.  Ue  could  quote  Almott  any  text  in  tb« 
Bible,  aud  ^ivc  chapter  and  verse.  [Here  Scripture  f!,Wt%  the  comet 
reference  foe  tbia  last  sentence,  which  Is  taken  from  the  youn^'r  Bid- 
der'a  letter,  and  refers  to  the  brother  of  the  elder  Bidder.]  He  had 
long  collected  all  the  dates  be  could,  not  only  of  hiittoHcal  pcraona, 
but  ol  everybody;  to  know  when  a  person  was  bom  or  married  was  ■ 
aourcc  of  graiihcntiou  to  him."  Here  we  are  giTeu  the  correct  refer- 
ence tor  this  lam  nciitence.  which  refers  to  the  Ke».  Tbnmaa  Threlkcld, 
and  is  from  the  talcr  volume  of  itit  Sptclalor.  Thus  by  a  piece  ot 
caictetvneBB.  hard  to  excuse,  Scripture  has  inextricably  confused  the 
brolbcT  ol  the  elder  Bidder  with  tbia  Rev.  Thomas  TbreUcld.  who,  ao 
far  as  we  know,  wan  related  to  the  Bidder  family  only  by  common 
descent  from  Adam! 
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result  of  this  "natural"  algebra  and  number-theory  he  hit  upon 
some  ingeuious  methods  of  performing  complex  operations;  in 
particular,  by  his  nth  year  he  wm  already  in  pcMMission  of  a 
method  by  which  he  could  solve  compound  interest  problems 
mentally  in  nn  tuaazingXy  short  time,  in  fact,  almost  as  rapidly 
OS  a,  good  computer  using  a  table  of  logarithms. '  Later,  after 
bis  meetiuK  aud  competiiive  test  with  Zerah  Colburn,  iu  iSiS, 
be  icqulred  ^rciit  skill  in  the  extraction  of  roots  and  the  find- 
ing of  factors,  by  methods  similar  to  Colburu's,  but  with  im- 
provements of  his  own.' 

Bidder's  reputation  soon  became  more  than  local,  and  witca 
about  8  years  old  he  was  exhibited  in  various  places  by  his 
father,  a^ef  the  fashion  no  recently  set  by  the  Colbums.  But 
Bidder's  admirers,  more  energetic  than  Colbum's.  actually 
rsised  a  fund  to  pay  for  his  education,  and  put  him  iu  school. 
Later  on,  when  his  father  resumed  the  profitable  exhibitions, 
friends  once  more  iatervened,  this  time  with  perutanent  suc- 
cess. The  boy  was  placed  with  a  private  tutor,  and  in  1819 
attended  classes  in  the  University  of  Edinburgh,  where  he  took 
a  mathematical  prir^  in  1S23.  Leaving  the  university  in  1834, 
he  held  positions  successively  in  the  Ocdnance  Survey  and  in 
an  assurance  office.  But  by  the  advice  of  bis  friends  he  later 
decided  to  devote  himiteU  to  civil  engineering,  and  ultimately 
became  one  of  the  most  successful  engineers  of  bis  time.  He 
was  connected  with  several  engineering  undertakings  of  the 
first  magnitude,  and  as  a  member  of  the  Institution  of  Civil 
Engineers  look  a  prominent  part  iu  the  controversies  then 

'On  the  math  em  at  ice)  >idc.  If  Prcpicsects  the  piiucipal,  rthe  in- 
tcrett  (m  «  Iractlon  of  ilie  principal,  tiol  aa  a  per  ceiit.).  *°d  n  the 
□  Dtnberof  yekra.  Bidder's  methoil  amoniited  to  tlie  expanaioo  ol  the 
cxpteMJon  P(i+r)'.  by  the  biDomial  tlicorcm,  to  ■  unmcient  number 
of  term*  to  Ineuic  accuracy  in  the  tatt  (artliing.  The  properliea  ol 
several  Bunerical  wrica  were  akillfulW  atilixed  at  different  atagea  of 
tbe  expanajon.  (C/.  Proe.  Inst.  C.  £.,  XV,  p.  3G7.  for  Bidder's  own 
aeconiit.) 

*Colbniti  says  of  tbiK  nieetia);  {Memoir,  p.  17s),  "Some  lime  In 
181S,  Zcrali  was  invited  to  a  certain  plitcc,  wucrc  be  found  a  number 
of  pcriwiis  (|uciitiouiug  the  Ucvonflblic  boy.  He  [Bidder]  duptayed 
Kteal  strength  Hud  power  of  mind  in  the  higher  hrauohcs  of  adthmetic; 
Be  conld  answer  some  ([ueation*  thai  (be  AmertcBn  would  not  tike  \o 
nadcrtalce;  btit  he  woi  uiiible  to  extract  (lie  [oal*.  and  lind  the  factors 
of  Dumbors."  Thus  it  vould  scciu  thni  Bidder's  miixi  wan  uol  atrougly 
lamed  in  the  direction  of  thii  cUm  of  problems  ontil  after  this  meel- 
loft  with  Colburn,  but  thai  oiici-  be  t>««ame  interested  in  them  be  soon 
osutrlpped  hia  rival.  Slrangcly  eiiou>;h  Scripture,  after  uicnlioiijiig 
IhU  p«*««ge  from  tbe  Mttmoir  in  bis  general  t)ibliaKraphy  on  Bidder, 
does  DOl  cite  it  in  bin  accoant  of  the  nieciiuK  of  Colburn  and  Bidder, 
but  refer*  only  to  the  one-aided  account  of  a  I.,oBdoQ  paper,  which 
reDresenls  Bidder's  trinmpb  aa  complete.  For  a  further  diicUMlon  of 
tfalH  mrcting.  lee  Appendix  I. 
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before  tbc  piofcKsion.     Constant  use  kept  up  his  calcolatii^ 
powers,  and  in  various  railway  and  Mhec  conte&ta  before  Par-^ 
lismimtaTy  conimitteeH  hi.s  K'^etti  command   of  staliNtics  and 
keen  powers  of  analysis  made  him  a  formidable  witness. 

It  would  seem  that  Bidder's  powers  of  mental  colcnlatiou  ii 
creased  steadily  at  least  up  to  the  beginning  of  bis  nniremlj 
days,  if  not  later,'  and  thereafter  icmained  almost  undimii 
isbed  to  the  end  of  his  life.  Both  in  numerical  calculations' 
and  in  his  study  of  higher  mathematics  he  was  interested  !□ 
general  piinciptes.  practical  applications,  and  striking  proper- 
ties, rather  than  in  intricate  analysis  for  its  own  sake,  or  cal- 
culations with  numbers  chosen  merely  for  their  length.  AtjH 
Edinburgh  he  maintained  a  good  ela&s  sundjng  in  mathematics/' 
including  diScrcnlial  and  integral  calculus,  but  only  by  bard 
study.'  In  the  solution  of  problems  where  special  properties 
or  symmetries  played  a  pan  he  was  etiualled.  if  at  all,  only  by 
such  great  calculator-mathematicians  as  Gauss  and  Ampere. 
In  division  bis  skill  was  considerable.  In  multiplication  he 
was  able,  on  one  occasion,  to  handle  two  i3-fignrc  onmbers, 
but  only  by  "a  great  and  distressing  efTort";  *  in  general,  be 


>In  the  Sfieftafar,  1,11,1879,  pp.  iii-iii,  are  Riven  &p«cla)etM  of  Bid- 
der's lots  auriii^  tfae  years  1816-1819,  vitb  tinips  of  Mlntkni,  also  tbe 
Lonilon  uewtpHpcf  accouul  ol  his  mectiag  milh  Colbutn  to  which  ref- 
erence ba«  already  been  luAde.  Scripture  (o^.  ci/.,  p.  a6)  argots  Uom 
tblf  series  iliat  Bidder'*  power*  incrcjiseir  between  1816  and  1819. 
That  Ibia  was  tlic  cn«e  can  hardly  be  doubted;  bnl  it  eertalDly  Is  n. 
proTtnl  by  /All  ierits  0/ txampUi.  Even  comparative  times  for  an 
pert  (^inputei  *olviag  tbcse  same  problcnis  on  paper  would  prOT«: 
DOtbinK,  *incc  ill  Kveral  ease*  there  nic  two  or  three  aiSetent  ways  of 
doing  the  noik,  ani]  posMlile  short  i-iits  wbicb  It  la  Impoaslble  to  fay 
nhellicr  Bidder  noticed  or  not.  MoteoTcr,  no  i*o  of  tbe  problems  are 
alike.  IVfhapii  the  liardcEt  problem  of  the  lot  i*  the  oompoaud  in* 
tere*t  uncAtioii  (i3i6,  iolvtd  In  a  minutes)  whicb  is  firat  Id  the  list. 
The  cube  root  o(  the  t8-fiKur'  untnlier  <  tSio,  1  minates)  »  far  easier 
thau  It  lonfcii;  (or  by  thii;  time,  a  year  alter  bis  mectiag  with  Colburo, 
Bidiler  was  (lotibtIe«»  famillsr  wilb  tbc  application  of  a-Gi;ure  eudings 
to  tbcic  problenu.  to  tbut  be  had  only  to  &iid  the  cube  r<w>t  of  tbe  firal 
9  fij^uio  by  trial  and  approximation  to  get  Ibc  lint  three  Gj;^re*  of 
the  root,  Iheu  add  011  the  ls»t  two  by  inspcclloii  (rout  tbe  latrl  3  fignrct 
of  the  given  number,  and  find  the  misMii);  4th  figure  o(  tbc  root  by 
casting  ont  the  9'*.  The  nlgcbraic  problem  which  waa  tolved  "In- 
stantly" in  1619  was  very  simple,  and  wnt  undoubtedly  aolved  by 
inipcction:  tbe  auswer,  j,  was.  frotn  the  nature  of  tbe  qnettion,  the 
tuoflt  Dalnral  first  trial,  and  hence  no  apcciat  credit  belongs  to  this 
last  (cat,  Tbei«  consider*! innti  show  bow  dlSirult  it  la  to  teach  defi- 
nite conclusions  from  particular  prulilems  of  tlii*  sort  nuless  there  is 
at  hand  specilir  knowledge  of  the  detailed  methods  aud  tbort'CUl* 
sctutilly  used  lu  tbe  examples  under  cotiiiidcratioti,  particutarl^  of  any 
apecial  pecaliaritiea  of  the  giTcn  DUmbcra  whereby  tbe  aolutioa  niaj 
be  facilitated. 

*Proe.  Inst.  C.  E..  XV,  p.  »5j;  S/teaator.  LI.  1878,  pp.  I«J4-5. 

'Proc.  Insl,  C.  E.,  XV,  p.  359.    In  *iew  ol  this  explicit  statemest 
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did  not  cultivate  his  calcutating  power  much  beyond  the  limits 
of  its  practical  usefulucis  to  htm.  In  his  lecture  "On  Mental 
Caktilalion,"  l)eforc  the  Institution  of  Civil  Engineers,'  to 
which  reference  has  already  been  made,  Bidder  bos  left  us  an 
excellent  account  of  his  methods  of  cnlculation. 

Georgt  Parker  Didder,  /r.*  [b.  1837),  "the  younger  Bidder," 
was  the  eldest  sou  of  G.  P.  Bidder.  Practically  the  only  in- 
forttMtiODwe  have  concerning  his  powcrsofcalcalation  consists 
of  a  few  £acts  brought  out  in  the  Sptclalor  correspondeuce 
already  referred  to.  He  was  7th  wrangler  of  his  year,  and 
Inter  a  thriving  barrister  and  Queen's  Counsel.  He  telU  u3 
Ihat  be  was  miable  to  approach  his  father  in  extent  of  memory 
and  rnpidity  and  accuracy  of  calculation;  we  have  seen,  how- 
ever, that  the  father,  writing  in  his  50th  year  (alter  which  his 
powers  can  hariily  have  .thown  any  conKidcrahIc  increase), 
speolcs  only  of  multiplying  13  figures  by  \z  figures  "on  one 
oocasioo",  by  "a  great  and  distreiuiing  efTurt",  whereas  the  %om 
ma  able.  In  several  instances,  to  perform  ij-Sgurc  multiplica- 
tions, though  slowly  and  with  occasional  errors.  That  the 
younger  Bidder's  method  of  multiplication  vras,  like  Dia- 
ntaiidi's,  cross-multiplication,  we  may  infer  from  the  fact  that 
he  iooorrecUy  attributed  this  method  to  his  father.  Of  the 
son's  other  feats  in  calcnlation,  and  of  the  degree  of  his  pre- 
cocity in  this  field,  we  have  no  knowledge.  He  -vm^  of  viMial 
BKiDory  type,  and  pos.'ws.scd  a  number-form  running  from  right 
to  left,  the  numbers  up  to  13  being  arranged  in  a  circle  as  on  a 
dock.  He  declared  that  his  calculation.^  "proceed  in  a  visible 
form"  in  his  mind,  and  that  he  "can  conceive  no  other  way 
pos^ble  of  doing  mental  arithmetic,"  which,  as  Proctor  points 
out,'  is  a  rather  strange  remark.  Unlike  most  of  the  other 
calcnlators,  he  employed  a  mncmouic  system  instead  of  naturid 
meiDory  in  remembering  numbers.  He  could  play  two  games 
of  chetwUindfbld  simultaneously. 

Truman  Henry  Safford*  (1836-1901)  was,  like  Zerah  Col- 
burn,  the  son  of  a  Vermont  brrocn  hut  both  bis  i>arcnts  were 


iTum  RMder  himself,  bU  Mm  and  Elliot  seem  to  be  wronr  in  attrlbo- 
lins  10  him  {Sptttator,  1878.  p.  16^4)  grfiit  (acility  in  I5-liK«re  nwlti- 
yliroltuu*.  The  »on'«  tlHtcuicnl  tlmt  hiv  fHtber  u«<k1  i:iDi*-mn]lip)ica> 
tion  Is  likewise  al  variance  with  tbe  latliCT'i  explicit  account  of  111* 
tDciboil  of  multipliralioii  (,Proe.,  XV,  p.  360). 

'  J^Mredings.  XV.  pp.  ij'  '■ 

'Referred  to  by  Scripture  u  George  Bidder,  Q.  C  Scripture,  op.eit., 
p.  28;  S^tetai^r.  1,1.  1878.  pp.  1634-5:  Galtott.  /nfuirut  into  Huma* 
FMuUjr,  pp.  13.V4-  >Q'I  Plate  I.  ao,  opp.  p.  jSo. 

*Sel^nvi4i.  XXXVIII.  1879.  p.  461. 

'Scripture,  ofi.  ett..  p.  2%  Appleton"*  Cytlo.  of  Am.  Biog-,  art. 
Safford;  Ckamktrt-i  EdinbHfghjourmU,  H.  S.  VIII,  1847,  p.  i6j; 
BeJfmvia.  XXXVIII,  1879,  p.  436. 
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fbnnvr  school-teachers,  and  persons  of  some  edacatton.  The 
father  bad  a  stroiig  interest  in  mathematics,  and  the  mother, 
we  arc  told,  was  of  an  "exqnisite  nervous  tcmperamcai, " 
Young  Safford  showed  a  remarkable  all-round  precocity,  simi- 
lar to  that  of  Ampere.  lu  his  3rd  year  "the  grand  bias  of  his 
mind  was  suspected";  later  his  parents  "amused  themselves 
with  his  power  of  calculating  numbers";  and  when  he  was  6 
years  old  he  was  able  to  calculate  mentally  the  number  of 
barleycorns,  617,760,  in  1040  rods,  At  the  age  of  7  he  bad 
"acme  to  the  extent  of  the  famous  Zerab  Colburn'x  powers." 
About  this  time  he  began  to  study  boolcs  on  algebra  and 
geometry,  aud  soon  afterwards  higher  mathematics  and  astron- 
omy. Wanting  some  logarithms,  he  found  them  himself  by 
the  formulas;  and  in  his  loth  year  he  published  an  almanac 
computed  entirety  by  himself.  The  following  year  he  pub- 
lished four  almsuRcs.  one  of  which,  computed  for  Cincinnati, 
at  once  reached  a  sale  of  34,000  copies.  In  this  almauac  be 
used  a  new  and  original  rule  fur  obtaining  moon  rl.sing8  and 
settings,  accompanied  by  a  table  which  saved  a  quancr  of  the 
work  of  their  computation.  About  this  time  he  also  discov- 
ered ti  new  rule  for  calculating  eclipses,  with  a  saving  of  one- 
third  in  the  labor  of  computing. 

Such  feats  at  once  made  the  lK>y  a  public  character,  and  in 
the  same  year  (1846)  he  was  examined  by  the  Rev.  H.  W. 
Adams,  a  skillful  miitliemiuiciau.  He  solved  a  number  of  diffi- 
cult algebraic  problems,  doubtless  in  the  main  by  algebraic 
methods  rather  than  by  the  trial  and  error  method  of  most  of 
the  other  prodigies.  Problems  in  the  mensuration  of  solids 
caused  him  uo  trouble,  though  in  one  case,  where  the  answer 
was  a  i3-figuFe  number,  he  "used  a  few  [written]  figures." 
He  extracted  the  cnbe  roots  of  7-figtire  exact  cubes  "in- 
stantly," doubtless  by  the  use  of  2-figure  endings.  Finally, 
he  squared  3^5 ■3^5 -365 .365 ■365. 365,  entirely  in  his  hesd, 
iu  "not  more  than  one  minute,'"  though  with  evident  effort. 
A  three-hour  examiuation  convinced  Adams  that  the  boy  had 
mastered  aud  gone  beyond  all  his  text-boolcs. 

Like  Ampere,  SafTord  bad  a  wide  range  of  interests,  and  an 
encyclopedic  memorj-.  Chemistry,  botany,  philosophy,  geog- 
raphy, and  history,  as  well  as  mathematics  aud   astronomy, 

^All  theiieqDotallont  are  It^mib* C/iambers'i  Joitrmat  artMedttd 
ahov«.  Tb*  last  problem  is  there  givcu  as  365,365.365.365.36)13^, 
365,365.365.365,365,  t.  e..  a  is-figuie  unmber  luultipliert  bj  an  iS- 
iifiurc  aamtier;  liul  i<iice  tbe  answer  contaius  16  Sfjuies,  It  I*  obvious 
tbat  another  365  is  omitteil  (rom  the  titM  Damber,  and  that  the  prob- 
lem was  the  sauatjog  of  an  iS-fi^arc  numlier.  The  repetilloa  of  the 
RHinc  6|(iit«i.  uowever,  f;reat1y  timpIiScd  the  work,  there  t>elDg  only 
three  diHeient  partial  products.  Scripture  carries  o««r  the  typograph- 
ical error  without  commeot,  CTideutly  not  noticing  It. 
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in  bis  field  of  study.  He  look  his  dcgrw  at  Ilar- 
and  became  an  astronomer.  After  holdiuK  vari- 
ous positions  he  became  professor  of  astronomy  in  Williams 
Colleae  in  1876,  where  he  remained  until  his  death  in  1901. 

Safford  early  outstripped  Bidder  in  range  of  mental  catcuU' 
tion.  but  with  the  aid  of  books,  whereas  Bidder's  methods  were 
entirely  of  his  own  discovery.  It  is  to  be  regretted  that  we 
have  not  more  detailed  iuformation  about  SafFord's  calcula- 
tions: '  but  except  for  the  examination  whose  results  have  been 
given  above,  all  we  can  say  is  that  later  he  acquired  consider- 
able Hkill  in  faciorinK  larfte  iiiimlM-r.t,  seeming  to  be  able  to 
recognize  almost  at  a  glance  what  numbers  were  likely  to  divide 
any  given  number,  and  rememberiuK  the  divisors  of  any  nucn- 
ber  he  had  once  examined.* 

Andrf  Marie  Ampire*  (1775-1836).  like  his  sticeessor  Saf- 
ford. showed  all-round  precocity,  a  wide  range  of  interests,  and 

■The  Chamiert's  Journal  uMcXt  is  mil  ten  Is  rather  floriil  itylciaad 
■a  a  tone  of  admiration  almost  vergjiig  on  awe.  Tbc  Rev.  H.  W. 
Adatn*,  who  la  thero  said  to  haT«  bceu  a  tkilUul  malbemattciaQ.  wk» 
by  no  means  a*  cHtieal  an  exsmiDer  a*  migtit  be  wiahnl.  Thai  while 
he  lelli  at  thai  tievcrnl  ol  tbc  problem*  given  weteamoUK  Ilic  harile*! 
la  Davies'  Algebra,  he  Ulef  iiotcn  lliat  Sallor<l  alrca'ly  owued  this 
work  and  bad  juUy  mmteicd  It.  heuee  had  seen  all  thcie  prntileiua 
before.  The  time*  indicate,  to  be  >ure,  that  Safford  eaknlsted  the 
■Qiwera  afreab:  but  tbe  lest  is  uol  a*  satisfactory  as  If  tbe  problem* 
bad  been  entirely  new  to  him.  Tbe  times  given,  loo.  aic  mostly  in 
tbe  form  "aboal  a  minute,"  and  in  dcfiitilciteG*  leave  much  to  be  ilc< 
•Ired.  The  big  niiniber  •elrctvd  for  the  grund  linal  lc»t  wui  about  aa 
nnsuitahlc  for  tbc  purpose  a*  aoy  that  conid  well  have  been  choaea. 
Not  oely  in  the  iccurrcncc  of  (be  same  three  nartial  product*,  bat  in 
tbe  repetition  of  the  same  group  of  (igare*  wiibin  each  partial  prod- 
uct, the  problem  i*  so  artificially  simple  thnt  it  prove*  almost  noth- 
ing coaceralDC  Safford's  power  ol  multiplication.  The  nutiitier  365, 
loo,  owing  to  It*  cOBoectlon  with  llic  cnlcudar,  1*  especially  easy  to 
remember.  Adam*  apealca  of  the  "lonf;  and  blind  sums"  uiiich  Saf- 
ford remcmberecl  after  a  liugle  hcanng"  but  apart  from  tht*  simple 
iS^figure  number  (which  woold  not  overtax  tbe  memory  of  any  child 
who  could  keep  in  mind  365  and  coon t  six),  the  longest  numbers  in 
tbe  atatcmcul  of  aay  of  the  problems  mentioned  in  the  article  were  of 
7  Ggnrc*.  Now  a  normal  boy  of  13  can,  ou  the  average,  retain  8.8 
nzurea  aller  a  single  benriu);,  and  a  boy  of  11,  6.S  fi|[urea.  llence, 
while  Ssflord's  memory  for  figures  was  probably  lumve  the  avetaKc, 
tbc  (act  is  not  satinfaciorlly  proved  by  Adams'  examitintion.  {^f. 
Amtritan  Journal  of  Piychology,  II,  1889,  p,  607.  The  fignres  are 
erroneously  oooted  by  Scripture,  p.  41.  as  8.6  (or  boys  of  19  year*, 
inatead  of  8.8  for  boy*  of  13  year*,)  The  fact  that  tbe  anm-eri  to 
•omc  of  the  problems  were  longer  numbers  is  not  relevant  here:  for, 
a*  wc  shall  see  later,  there  is  an  Important  distlnctiou  between  figurC' 

I  memory  as  such,  and  memory  a*  it  ataniU  im  the  strvu*  of  tatcmtation, 
*Btlfravia.  XXXVIII,  1879.  p.  «6. 
*Scnpture.  op-  fit.,  p,  6:  Ar«[o's  Bloge  d'Ampire,  tr.  in  Smilkto- 
mian  Reporl.l.  187},  p.  lit.    The  writer  baa  been  unal>Ic  to  conault 
the  other  reference*  wbicb  Scripture  cltea. 
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ail  omnivorous  memor>-.  He  learned  counting  at  the  ape  of  3 
or  4,  by  mcnns  of  iicbbles.  and  was  so  fond  of  lliia  diversion 
that  be  used  for  purposes  of  calculalioo  pieces  of  a  biscuit 
given  him  after  three  days'  strict  diet,  He  became  a  noted 
mathematician,  and  was  also  prominent  in  several  other  direc- 
tion!!. Of  his  mental  calcnlatious,  however,  we  have  no  specific 
infoimatioo:  bis  later  acbtt^vements  «o  oversbadovred  his  early 
giU  that  his  biographers  are  silent  about  it,  and  his  case  sheds 
little  light  on  the  problems  connected  with  the  subject. 

Carl  frUdrich  Gauss^  ('777-'855)  was  the  son  of  a  poor 
family;  a  maternal  uncle  of  his,  however,  was  a  man  of  consid- 
erable mathematical  and  mechanical  talent.  When  not  quite 
3  years  old,  Gauss,  according  lo  an  anecdote  told  by  himself, 
followed  meutally  a  calculation  of  his  falher':t  relative  lo  the 
wages  of  some  of  his  workmen,  and  detected  a  mistake  Id  the 
amount.  Hnteriug  the  gymnasium  at  the  age  of  ii,  he  mas- 
tered the  classical  languages  with  incredible  rapidity.  In 
mathematics  he  was  not  only  head  of  the  class,  but  soon  out- 
stripped hi.i  teachers.  At  the  age  of  10  he  was  ready  to  liegin 
the  study  of  higher  analysis,  and  at  14  he  could  read  the  works 
of  Euler,  Lagrange,  and  Newton.  He  l>ecame  one  of  the  fore- 
most matherafttidans  of  his  time.  Hiit  Disquisilwnfs  Arith- 
mttieti,  published  at  the  age  of  24.  is  practically  the  founda- 
tion of  the  mo<iirrn  theory  of  numbers. 

Concerning  Gauss'  mental  calculations  we  have  for  the 
most  part  only  general  information.  His  power  seems  to  have 
lasted  all  his  life,  and  to  have  exceeded  that  of  any  other  cal- 
ctilator  except  Dase.  He  had  a  "peculiar  sense  for  the  qujclc 
apprehension  of  the  most  compli&ited  relations  of  numbers," 
and  "an  unsurpassed  memory  for  figures."  and  used  from 
memory  the  first  decimals  of  logarillinis  in  his  mental  opera* 
lions.  He  was  c^'pccially  fertile  in  inveoting  new  artifices  and 
methods  of  solution. 

Minor  1'rodigiks. — In  the  following  list  are  grouped  a  few 
calculators  about  whom  too  little  is  known  for  an  extended 
account,  but  who  present  one  or  more  points  of  interest. 

Tfu  Daughter  of  ike  Countess  of  MamfUld*  (b.  about  1804) 

'The  writer  has  followed  Scriptnre's  account  of  GauM  {j>p.  cit.,  p. 
7),  tiot  faavint^  occcnii  In  the  Kourcca  llicrc  cited. 

*G*1I,  op.  ctt;  V.  p.  88;  Colbtim,  Memoir,  p.  174;  Scripture,  ofi. 
eit.,  p.  3J.  The  reference  to  the  Med.ond  nUos.Jl.and  Rrv.  Kivcabj 
Scripture  can  bardlj  be  correct,  iiince  tile  yoniig  laily,  t>«liig  abont 
Colbum'i  ag<r.  wa*  in  1811  ooly  6  or  7  years  old,  and  could  hardly 
have  had  an  American  reputation.  The  exact  word*  in  Serlplarc** 
text  are  (onnH  in  naif*  Organology;  Ihtji.  aitd  Rev,  rctcreooe  prob- 
ably refers  to  Mr.  Van  K.,  of  Utlc«.  In  (net,  all  the  cotes  to  pa^e  33 
of  Scriptare's  article  arc  iacotiect  except  a  Icn  of  lho>c  to  Oall,  where 
the  abMRcc  of  n  page  ccfcrence  covera  dp  the  inaccuracy.    The  iron. 
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was  seen  by  SpurzfacitD  in  London  st  the  sge  of  13,  at  which 
time  she  "extriicicd  with  great  facility  the  square  and  cube 
Tootti  of  numbcTK  of  nine  plitceE."  Whether  this  refers  only  to 
/^//(TcJ  squares  and  cubes  cannot  be  decided.  Col  burn  speaks 
of  her  simply  as  displaying,  in  1813,  at  (he  age  of  8  or  there- 
abouts, "a  certain  dettree  of  mental  quickness  [in  calculation] 
uncommon  in  her  sex  and  years.*'  Except  for  Bidder's  two 
granddaughters,  whose  powers  were  but  little  above  the  aver- 
age, she  is  the  only  girl  calculator  on  record. 

Ridtard  WkateSy^  (1787-1863)  Wgan  to  calculate  at  the  age 
of  5,  and  retained  the  power  for  about  three  years;  he  probably 
surpassed  Colburu,  but  did  not  happen  to  hit  on  Colburn'* 
favorite  problem  of  extracting  square  and  cube  roots.  When 
he  went  to  school  the  power  left  htm,  and  at  ciphering  he  was 
always  "a  perfect  dnnce." 

Mr  Van  R..  of  Ulica^  like  Whately.  developed  a  gift  for 
calculation  at  an  early  age  (6  years),  but  lost  it  at  the  age 
of  8. 

Dr.  Ferro^  (b.  1864)  has  a  sister  about  a  year  his  elder, 
who  shares  his  gift  for  mental  calculation.  His  father  was  an 
architect  and  a  good  reckoner,  and  his  mother's  mind  was 
occupied  with  architectural  computations  at  the  time  of  the 
birth  of  these  two  children;  whether  this  prenatal  influence 
had  any  effect  on  their  mental  powers  cannot  be  determined. 
I-crrol's  gift  showed  itself  at  an  early  age,  but  as  soon  as  he 
learned  the  elements  of  algebra,  at  the  age  of  10,  be  de- 
vel(>]>ed  a  preference  for  mental  algebra  instead  of  mental 
arithmetic.  He  was  bead  of  his  class  in  mental  arithmetic,  but 
below  the  average  In  alt  other  studies,  tie  is  a  remarkably 
poor  visualizcr.  His  processes  are  "intuitive";  the  answer  to 
a  problem,  he  tells  us,  comes  "instantly,"  and  is  always  cor- 
rect. His  general  memory  is  probably  about  normal;  hla 
figure  memorj-  depends  on  mnemonics. 

A  tflind  Sxiit  mentioned  by  Johannes  Hnbcr*  not  only  solved 


bic  >*ein»  (o  be  <la«  to  a  trinapo^ltlon;  note  *  ahodld  b«  aot«^  and  all 
the  otb«rs  abonld  be  moved  op  a  line,  ^  bccomtiiK '.  etc.  Colbtirn'* 
■ccoant  of  the  daughter  of  the  CoiiDtets  of  MaDBAeld  U  i^nateil  id  (gll 
in  Apjicndlx  I. 

'Sciipture.  op.  Hi.,  p.  lo.  The  writer  haa  been  nnable  to  consult 
the /.t/ir  of  Whately  tncfc  citeil.  By  aa  loadvertanec.  Scripture,  on 
p.  37.  Kl*«a  the  ai^c  of  Wliaicly'*  fir«t  calcttlatloD*  aa  3,  wbereaa,  on 
p.  to,  the  statement  U  "betwcea  Stc  and  tix." 

H^all.  <tp.  cil.,  pp.  87.3,  qnotiDg  Afed.  and  PfiHot.  /I.  and  Rtv.,  Ill, 
N.  v..  i8n.  Gail  nieatlooa  sevctal  other  i-aictttatora.  but  It  baa  not 
seemed  worth  while  to  enDmermte  them  all  here. 

*P.  J.  Mdbiaa,  Dit  Amiagt  xur  MatkemAltk.  1900,  p.  73.  The  name 
la  glren  tlmply  a«  "I>r,  Fcrrol";  we  ate  not  told  whether  ha  ia  sa  U. 
D..  or  what  are  his  initials. 

*Dai  GtdSchlniit.  UoQich,  1878,  p.  43. 
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the  most  diliicult  problems,  but  could  repeat  a  series  of  150 
figures  either  forwards  or  backwards  after  a  single  hearing,  or 
name  at  once  the  50th  or  soih  figure,  t.  g.,  from  either  end. 
Before  becoming  blind  he  had  t>een  a  man  of  very  weak 
memory:  but  afterwards,  busying  himself  with  exercises  in 
calculation,  he  discovered  a  ver>'  simple  method  of  dealing 
with  the  largest  numbers,  and  tried  to  sell  his  secret  in  Eag- 
land  for  a  high  price.' 

VUe  Mangiamel^  {b.  1827) ,  the  sou  of  a  Sicilian  shepherd, 
blmself  tended  sheep,  and  wheu  examined  by  the  Academic 
des  Sciences,  at  the  age  of  10.  answered  several  questions, 
among  them  the  cube  root  of  3.796,416  (=^156).  which  he 
found  in  half  a  minute.  Canchy.  in  his  Acadtinie  report 
on  Mondcux,  already  cited,  complains  that  Mangiamclc's  mas- 
ters have  alvray.i  kept  secret  the  boy's  methods  of  calculation; 
it  is  not  clear  whether  this  means  that  they  knew  and  refused 
to  tell,  or  tbat  the  boy  himself  was  uuable  to  enlighten  them. 
He  was  quite  uneducated.  A  brother  and  a  sister  of  his  were 
also  noted  cakulatora. 

Prolongcav*  (b.  about  1838),  at  the  age  of  6J^,  solved  men- 
tally with  great   facility   problems  relating    to  the  ordinary 
operations  of  arithmetic,  and  to  the  solution  of  equations  of  | 
the  first  degree. 

Grandmange*  (b.  about  1836),  born  without  arms  or  legs, 
performed,  mrntslly,  very  complicated  calculations  and  Mlved 
difficult  problems. 

Afatkieu  U  Ccif  (b.  about  1656),  an  Italian  boy,  "at  tbe 
age  of  6.  without  knowing  how  to  read  or  write,  commenced 
to  perform  all  tbe  most  difficult  operations  of  arithmetic,  such 
as  the  four  clemcnlarj'  operations,  the  rule  of  three,  partner- 
ship [eompagnie),  square  and  cube  toot,  and  that.  too.  aa\ 
soon  as  the  question  was  put  to  bim."  He  learned  to  calcu- 
late by  stringiog  beads. 

Vintinso  Suaaro^  (b.  i8ia).  a  Sicilian,  appeared  in  public 
as  a  calculator  at  the  age  of  6.  received  a  good  education,  but 
showed  no  special  mental  ability  outside  of  calculation. 

'Bulcr,  it  it  nell  knowii,  possessed  consiiie fable  power*  o I  ntcntal 
calcolntioD  aflcr  beconiins  blind;  but  to  what  extent  he  bad  the 
power  before  his  tiUtxInviia,  nitd  }u»t  what  (cat*  he  could  perforni,  the 
wrilet  bus  bfni  nimblt  lo  iliscover. 

*CompUs  retidus  hridomadairts  des  tiancts  if  V AtaJetnit  des 
Seiftieei,  IV,  1837.  p.  9vS;  Rw.  tpfr.  di  Fren.,  XXIII.  1897,  p.  434- 

*€.  R.  AcAd.  dei  Sci..  XX,.  1845,  p.  1639. 

*nid.,  xxsiv,  iSjj.  p.  371. 

'Binet.    op.  at.,  p.  3;  Riv.  fper.  di  Fren.,  XXIII.  1897.  P-  «»■ 
*T1ic  source  tor  Ibc  lemainiiig  calculaton  la  tbe  Riv.  sptr.  di  Frtn., 
XXIII,  :897,  pp.  419 f.    A  aniBiuary  of  tliia  article  inG«rman  i*  (ovod 
1b  tbe   Zttlf.y.  Pty.  u.  P%yml.  d.  Sinntforgam*.  XVI,  1898.  pp. 
J17-8. 


MATUKMATICAL  PRODIGIHS, 


«7 


Giutep/x  Pitgliett  (b.  "a  little  later"),  also  a  Sicilian,  took 
to  tbe  stage  at  the  age  of  5,  and  was  exbibited  in  Italy  and 
Gentiany.  An  attempt  was  made  to  t«tch  him  Geometry; 
but  be  was  unable  to  deal  with  geometrical  forms. 

Luigi  Pierini  (b.  187$)  learned  late  to  speak  and  to  walk, 
stifliercd  from  many  children's  diseases,  and  was  an  epileptic. 
He  tended  sheep,  and  thus  leamed  to  count.  He  developed 
a  remarkable  talent  for  mental  arithmetic,  and  at  an  early  age 
became  a  ptofcssioDal  calculator. 

11. 

Tbe  writer  will  now  give  an  account  of  his  own  case,  which 
differs  in  three  respects  from  those  hitherto  considered: 

{ I )  The  power  is  almost  confined  to  dealing  with  the  last 
two  ^gures,  or  i-figure  endings,  of  tbe  numbers  used.  It  is 
readily  seen  that,  with  certain  limitations  in  division  and  evo- 
lutioa,  tbe  last  two  (or  n)  figures  of  the  numbers  used  in  a 
given  problem  determine  the  last  two  (or  t)  figures  of  the  an- 
swer, no  matter  what  the  preceding  figures  may  be.  Now  the 
writer's  mental  calculations  take  the  form  almost  exclusively  of 
tracing  the  last  two  figures  through  the  different  operations, 
ignoring  all  the  other  figures.  This  evidently  simplifies  the 
work  immensely. 

(2)  By  a  further  specialization,  the  problems  which  he  solves 
most  often  and  most  readily  are  of  the  general  form  of  finding 
the  last  two  figures  of  any  power  (or  integer  root)  of  any 
□umber. 

(3)  Finally,  he  bas  a  strongly  marked  preference  for  work- 
iog  witb  even  numbers.  By  a  special  method,  to  be  explained 
later,  he  practically  always  changes  odd  numbers  into  even 
numbers  for  purposes  of  calculation,  where  only  the  Inst  two 
figures  of  the  answer  are  required;  theevcu  ntimbcr  thus  ob- 
tained is  readily  converted  into  the  desired  odd  number  by 
very  simple  rules. 

It  will  thus  be  seen  that  the  writer's  calculations  are  highly 
specialized,  and  in  extent  perhaps  not  comparable  to  those  of 
any  calculator  heretofore  considered.  At  the  same  time,  some 
of  these  specializations  are  found  in  other  calculator:) ;  and 
in  the  general  features  of  its  development  tbe  writer's  case  is 
typical  of  many  or  most  of  the  others,  and  will,  it  is  hoped, 
throw  light  on  several  points  which  have  hitherto  not  been 
folly  understood.  While  many  of  the  details  are  in  themselves 
of  little  imiwrtance,  they  will  serve  to  illustrate  the  sort  of 
numerical  properties  which  not  only  facilitate  mental  calcula- 
tion, but  arouse  the  interest  of  the  calculator,  and  hence  furnish 
Uw  iDOtive  for  continued  pmctice  until  the  calculating  habit 
becomea  firmly  established. 
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In  the  matter  of  heredity  the  only  circumslance  that  need 
be  mentioned  is  that  the  writer's  younger  brother  has  shown 
latber  more  tban  average  ability  as  a  chess-player,  and  has.  on 
ft  few  occa&ioD.t.  played  a  ^nme  blindfold;  but  by  what  p»ycho- 
logical  processes,  or  to  what  extent  the  power  could  be  in- 
creased by  further  prtctice,  cannot  be  stated.  Nor  need  the 
writer  »i>e3k  of  his  Kcfaool  and  college  work,  except  to  say  that 
while  he  bas  always  been  fond  of  mathematics,  it  has  no  better 
claim  than  two  or  three  other  subjects  to  be  called  his  Etvorite 
study. 

His  interest  in  mental  calculation  dates  from  the  time  he 
leamed  to  count,  at  the  age  of  4.  or  possibly  3.'  He  learned 
to  count  to  ro,  then  to  100,  then  beyond,  and  also  to  count  by 
2'8,  3's,  etc.  Now  in  these  latter  series  2x3.  3x2x2,  3x3. 
3x3x3,  etc,  in  short,  the  powers  of  the  number  by  which  he 
was  counting,  were  natural  resting-places,  and  awakened  hifi 
interest,  so  that  before  long  he  began  to  count  in  the  power 
scries  of  different  numbers  (2,  4,  8,  16.  32,  etc.,  3,  9.  27.  81. 
etc.)  for  considerable  distances.  At  first  be  simply  enipha* 
siiied  the  powers  as  they  occurred  in  the  complete  scries  of 
multiples,  but  gradually  be  learned  to  omit  the  intermediate 
multiples,  and  simply  count  in  the  power  series  proper:  a,  4,  8, 
16,  etc.,  3.  9,  27,  Si,  etc.  But  almost  always,  when  the  uum- 
Ijcr  exceeded  100.  be  empba.sized  the  last  two  figures,  and 
gradually  got  into  the  habit  of  ignoring  all  the  others.  Thus 
instead  of  saying  3,  9,  27,  81,  243.  729.  2187,  etc..  he  usually 
counted  3,  9,  27,  81,  43.  29,  87,  and  in  this  simplified  form 
couuted  along  the  different  power  series  for  considerable  dis- 
tances. Multiplication  naturally  grew  out  of  this  counting 
process;  but  it  was  really  arunting^  rather  tban  multiplication 
proper,  since  he  did  not  learn  the  multiplication  table  until 
some  time  later,  when,he  went  to  school.  Thus  to  find  9X  7 
at  this  lime  he  would  count  9,  18,  etc.,  to  63;  and  even  now. 
except  within  the  limits  of  the  multiplication  table  as  be 
leamed  it  to  isxj2,  bis  menial  multiplications  are  abbreviated 
countings  of  this  ton  (skipping  most  of  the  intermediate  links) 
rather  than  true  multiplications.  We  have  already  seen  reason 
to  suspect  that  neither  Buxton  nor  Tom  Puller  really  got  be- 
yond this  counting  process  into  true  multiplication,  i.  e.,  with 
the  tise  of  a  memoriitcd  mill  It  plication  table. 

In  the  course  of  these  calculations  or  countings,  a  number  of 
properties  gradually  attracted  the  writer's  attention:  such  aa 
that  everj"  power  of  a  number  ending  with  o  or  5  ends  with  o 

'Unfortunately,  Hc&nitc  il>tc>  cannot  be  kJtcI].  The  power  devel- 
oped very  slowly,  never  r««Uy  becoming  iciportaut  lor  «tiy  bot  pty- 
cDoIofpcjil  purposes,  so  that  no  one  bnt  the  writer  binuelf  knew  of  tia 
•xtotencc  until  a  much  later  date. 
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or  s,  that  tfae  4tb  power  of  any  other  number  ends  with  i  or  6, 
according  aii  it  is  odd  or  even,  that  the  5th  power  ends  with  the 
same  figure  as  the  ist.  the  6th  with  the  same  figure  as  the  2nd. 
etc.;  and  that  if 76.  or  any  numbrr ending  %vitli  76.  ismnltiplted 
by  a  tDultiple  of  4,  (he  last  two  figure*  of  the  product  arc  the 
same  as  those  of  llie  multiplier  (<^.  g.,  76xi3=9i3).  Theu  he 
DOtJced  that  the  ending'  76  occurs  at  various  points  in  the 
power  scries  of  different  numbers  (the  5tb  power  of  6,  the  4tb 
power  of  32,  the  Jnd  power  of  34,  the  loth  power  of  4,  the 
aoth  power  of  3,  etc.).  and  that  from  these  points  the  scries  of 
endings  repeats,  except  that  iti  some  cases  the  ending  of  the 
Dvxt  power  will  differ  by  50  from  that  of  the  original  nutnber. 
Thus  theendings  of  the  first  20  powers  of  3  are  02.  04.  08,  16,32, 
64,  38,  56.  12,  24,  48.  96,  92,  84.  68.  36.  73.  44.  88.  76:  the  3l3t 
ia  53  Instead  of  oi;  hut  the  22nd  is  04.  like  the  2nd,  and  there- 
after the  endings  recur  in  regular  order.  Finally  it  turned  out 
that  the  3otA  power  of  every  even  number  (nut  ending  with  o) 
bad  tfae  ending  76,  and  that  odd  numbers  had  a  similar  prop- 
erty,  the  2olh  power  ending  ln:lng.  however.  01  instead  of  76. 
and  even  the  21st  power  bcuig  always  the  same  as  tb«  1st, 
except  for  multiples  of  5. 

After  discovering  these  and  simitar  propertieit,  the  writer 
foQod  itasimple  matter  to  find  the  last  two  figures  of  any  power 
of  aoynnmber.  by  counting  along  the  proper  scries.  The  process 
was  always,  however,  01  the  counting  type  already  indicated. 
Thus  to  find  the  8th  power  of  3  the  process  would  be  3.  •.  9.  ", 
27.".  8i.**,  43.",  39."  87,'*,  61;  I.  e..  he  would  count  up  to 
a  power  of  3,  then  by  this  power  to  the  next,  and  so  on,  but 
passing  very  lightly  over  the  intervening  multiples,  and  in 
time  learning  to  omit  them  altogether.  In  fact,  before  long 
the  proces.1  came  to  be  simply,  j,  9.  «i,  6/,  i.  e.,  simply 
•qtiaring  each  number  to  get  the  next,  the  intermediate  conut- 
ings  taking  place  so  rapidly  and  automatically  as  hardly  to 
appear  in  con  .scion  sne»i  at  all,  except  as  brief  "tlashea."  And 
even  these  "flashes"  may  sometimes  be  almost  absent,  so  that 
only  the  3  aiid  the  61  staod  out,  the  rest  remaining  a  mere 
blnr. 

It  happened  that  about  the  time  he  learned  to  count,  and  for 
perhaps  two  or  three  years  thereafter,  the  writer  was  frequently 
ill.  This,  of  course,  left  a  large  amount  of  time  free  for  hU 
calculating  exerciser,  and  probably  had  not  a  tittle  to  do  with 
strengthening  his  bent  in  that  direction. 

We  come  now  to  the  third  peculiarity  mentioned  above:  the 
writer's  preference'  (or  even  numbers.     An  examination  of  the 

■Th«  term  "eading"  (nniiaalified)  wUl  lietckftcr  betaken  U  iiPDoa- 
jiaoat  with  "i-fignr*  «Bdlo|[.'' 
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following  table  of  the  endings  of  certain  products  will  formj 
tile  best  intioductiOD  to  this  subject. 


07 

33 

57 

82 

»3 

61 

36 

II 

86 

48 

36 

36 

36 

36 

73 

11 

36 

61 

86 

98 

86 

36 

86 

36 

It  will  be  observed  that  the  numbers  at  the  left,  33,  48,  73.  98, 
differ  in  pairs  by  35,  and  so  with  the  numbers  at  the  top,  07, 
32,  57,  83;  and  that  in  each  case  there  is  one  multiple  of  4 
(48.  33},  one  odd  multiple  of  3  (98.  82).  one  number  of  the 
form  4c4-i  {73.  57),  and  one  number  of  the  form  4c — 1 
(23,  07).  Now  the  16  numbers  in  the  body  of  the  table,  it  will 
be  seen,  all  belong  to  a  Mmilar  scries,  11,  36,  61,  86.  If  either 
of  the  factors  is  a  multiple  of  4.  the  product  has  the  ending 
36.  as  shown  by  the  3nd  line  and  the  znd  column;  If  both  are 
odd  multiples  of  3  (98,  83).  the  prodnct  again  cuds  with  36:  if 
one  is  an  odd  multiple  of  2  (9S,  82),  and  tlie  other  an  odd 
liambcT,  the  product  has  the  ending  86.  =:364'50.  Finally,  if 
both  numbers  are  odd.  the  ending  of  the  product  is  36±35. 1.  e.. 
either  1 1  or  61 :-  61  (a  number  of  the  form  4C'|-i )  if  the  num- 
bers multiplied  are  either  both  of  the  form4C-t-t  {73X57),  or 
both  of  the  form  4c — i  (33X07);  and  11  (a  number  of  the 
form  4c — i)  if  one  of  the  factors  is  of  the  form  4C+1  and  the 
other  of  the  form  4c— i  (73X07.  23X57).  Thus  by  applying 
a  few  simple  rules,  any  one  of  the  t6  products  in  the  table  cao 
be  made  to  depend  on  the  single  product,  48X33,  of  the  two 
multiples  of  4  in  the  table,  Hence  to  find  the  ending  of  the 
product  of  two  odd  numbers,  change  each  into  a  multiple  of  4 
by  adding  or  subtracting  35,  multiply  these  multiples  of  4  to- 
gether, and  then  add  or  subtract  35,  as  the  case  may  require, 
to  get  the  answer.  A  similar  principle  obviously  applies  to 
the  power  series  of  any  odd  number;  simply  find  the  required 
power  of  the  corresponding  even  number,  and  then  cither  add 
or  subtract  25. 

Now  these  properties  early  attracted  the  writer's  attention, 
and  he  soon  got  into  the  habit  of  transforming  odd  numbers 
into  even  numbers  In  practically  all  his  calculations.  The 
result  was  that  (if  we  leave  out  of  account  multiples  of  5, 
which  l>etong  to  a  class  by  themselves  and  are  very  easy  to 
multiply)  the  whole  of  multiplication,  so  hr  as  the  endings 
were  concerned,  was  reduced  to  the  300  ilossible  products  of 
any  two  of  the  20  numbers  04,  08,  13,  16.  2.1,  28,  32.  36,  etc.; 
whereas  in  order  to  do  the  same  work  without  this  transforma- 
tion, the  3300  combiuations  of  the  whole  eighty  2-tigure  end- 
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tugs  prime  to  5  would  have  to  be  con&idered.  Id  fioding 
powers,  again,  he  had  to  deal  with  only  ao  different  series,  each 
of  wbicb  repeated  after  so  terms  or  less;  so  that  the  whole 
problem  of  finding  ihc  last  two  figures  of  any  power  of  any 
namber  was  reduced  to  less  than  400  simple  cases,  instead  of 
an  indefinite  number  of  coses.  He  iie%-er  committed  these 
prodocu  and  powers  to  memory;  it  was  not  necessary;  with 
practice  be  was  soon  able  to  couiil  to  any  desired  one  with 
ureat  rapidity,  in  fact,  just  as  rapidly,  in  the  simpler  coses,  as 
he  could  have  recalled  the  answer  if  it  had  been  previously 
memorized, 

To  recapitulate:  The  writer's  mcntol  calculations  usually 
deal  only  with  the  2-6gure  endings  of  numbers.  rejectiuK  all 
previous  figures  if  there  are  any;  by  for  the  commonest  prob- 
lem is  to  find  (the  ending  of)  some  ei^cn  power  of  a  given 
somber,  or  to  investigate  some  property  of  some  power  or 
group  of  powers  of  one  or  more  numbers;  and  problems  involv- 
ing odd  numbers  (except,  of  course,  odd  exponents)  are  almost 
Always  solved  by  changing  the  odd  numl>erK  into  multiples  of 
4  (by  adding  or  subtracting  35),  and  changing  bacV  to  ao  odd 
uuniber  in  the  same  way,  if  nece^isary,  after  the  work  of  calcu- 
lation is  over.  He  might  go  on  and  indicate  many  other  prop- 
erties of  numbers,  or  rather  of  endings,  which  he  discovered 
nnd  used  in  calculating:  but  enough  has  already  been  said  to 
give  a  fair  idea  of  the  general  nature  of  the  processes  employed. 
the  gradual  development  of  the  calcululing  |K)wer,  and  the 
advantages  of  the  various  specializations  which  came  to  be 
adopted. 

Of  course  htg  calculations  are  not  absolutely  confined  within 
these  limits.  Besides  finding  endings  in  the  power  series  of 
even  numbers,  he  can  also  mnltiply  ending:^  very  readily,  and 
add  or  subtract  them  (by  counting  forwards  or  backwards) 
somewhat  less  rapidly,  or  divide  them  where  the  division  is 
known  to  be  exact;  and  he^w  work,  though  very  much  more 
slowly,  with  odd  numbers.  But  even  in  the  power  series  of  3, 
the  o<ld  .Kries  with  which  he  has  worked  oflenest.  it  is  easier 
in  most  cases  to  change  3  into  aS ;  nnd  in  any  other  odd  series  be 
can  scarcely  work  at  all,  except  with  the  greatest  effort.  The 
even  series  in  these  other  cases  are  so  mnch  easier  and  more 
familiar  that  it  is  practically  impossible  to  re»st  the  tempta- 
tion to  work  in  them,  even  when  be  tries  to  work  laboriously 
in  the  odd  ones  as  such. 

When  the  calculation  takes  account  of  ait  figures  of  the  re- 
sult, not  merely  of  the  last  two,  the  writer's  powers  of  mental 
arithmetic  arc  probably  very  little  above  the  average,  certainly 
not  equal  to  those  of  any  one  who  has  hud  a  moderate  amount 
of  practice  in  the  work.     ££ven  the  multiplication  of  two  3-fig- 


9» 


HITCBSU.: 


ure  numbers  takes  him  longer  mentally  tlian  ou  paper;  and 
with  3-fi);nre  nntnbers  it  is  such  an  eSTort  for  bim  to  remember 
the  partial  products  that  usually  eacli  one  must  be  repeated 
aloud  two  or  three  times,  and  even  then  he  i*  apt  to  forget  the 
first  partial  product  by  the  time  he  has  found  the  third.  With 
small  3-figure  numbers,  however,  he  finds  no  dif!iculty  in  mul- 
tiplying (on  paper,  using  only  one  figure  of  tbc  tnu/tifr/ieand 
at  a  time,)  io  a  single  operation,  especially  where  the  number 
is  even,  e.g^.,  24  or  36.  With  14  or  23,  too.  it  would  prob> 
ably  be  easier  for  him  to  mnltipfy  in  a  single  operation  than 
in  two  operations  in  the  ordinary  way:  but  in  such  a  case, 
after  the  products  exceeded  too,  the  multiplication  would 
oftcu  tcud  to  resolve  itself  into  counting. — rapid  and  automatic, 
but  counting  ucverlheless.  Thus  up  to  23x5  ^=  115  he  would 
probably  count  by  23  directly,  or  depend  on  his  memory:  bat 
after  that,  to  pass  to  23x6^  138.  he  would  first  count  in 
the  3.  then  the  zo,  thus  reaching  138  from  115  via  tiS  and  128. 
There  are  two  cases  in  which  the  writer  can  find  complete 

Sroduct.4  with  fair  readiness,  The  first  i»  in  squaring  numbers; 
ere,  however,  the  process  is  usually  neither  counting  nor 
multiplication  directly,  but  an  application  of  some  algebraic 
formula.  Up  to  perhaps  32,  and  in  certain  olher  cases,  such 
as  36,  48,  54,  64.  73,  81.  96,  144  (1.  e.,  numbers  containing 
no  other  prime  factors  than  3  and  3),  he  would  give  the  stiuarea 
from  memory:  but  usually  be  finds  only  the  last  two  figures  by 
memory,  nnd  get«  the  re-tt  by  interpolation  between  two  known 
squares  or  by  the  formula  for  {a+b)". 

The  second  case  is  where  two  numbers  are  to  be  multiplied, 
neither  of  which  contains  any  prime  factont  except  2  and  3, 
Here  his  method  is  to  count  (multiply)  by  2's  or  3's  to  some 
convenient  multiple  of  one  of  the  numbers,  then  by  that  multi- 
ple to  some  other,  and  so  on,  until  the  retjuired  product  is 
reached.  Tkus  to  find  48x64  he  would  count  by  48  to  384 
(=48x8),  then  by  38410  1536,  then  103072  (1=384x8  = 
48  X  64),  the  required  answer.  To  square  163.  again,  the  stages 
would  Iw  486,  1458.  2916.  8748.  26244.  >'.  ^..  multiplying 
successively  by  3,  3,  2.  3.  3.'  In  these  cases  much  of  the  work 
would  be  automatic  and  half  unconscious.  Thus  up  to  2916 
(^=162  X  18  ^54')  in  the  second  example  the  numbers  in  full 
would  be  very  familiar,  and  perhaps  only  the  58  of  1438  waald 

'Buxlou,  it  will  be  retueuibcred.  in  multiplying  456  by  378.  mnltl- 
plipd  Bucc^essively  br  5.  70.  and  3,  to  K't  .^00x456;  tben  uiultiplled 
436x5  BDii  Ibst  product  by  tj,  mod  BiViled  the  result  to30OS4J6,  to 
Eft  J75  «  4S^;  '°"1  fiiiBlly  coitipleleil  Ibe  operation   by  addJni 
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Bg  3x456. 

his  indtcitei  pretty  clearly  tbat  bis   metbod   vrs*   like  the  one  d«- 


K"  J75  «  4S"I  •°d  liiiBlly  c 

This  indicate!  pretty  elea 

•criberl  atwiTC.  a  countiuK  in  the  Beries  of  moltipl 

cuid,  rather  than  the  ordinary  luetliod. 
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be  distinctly  formulated:  but  above  that  be  would  have  to 
formnlate  all  the  figures  distinctly  and  take  account  of  ihcm 
in  tbe  counliuK  process.  In  tbe  first  example,  48x64.,  per- 
haps  only  the  84  of  384  and  the  56  of  1536  would  be  dis- 
tinctly formulated  until  Ihc  end,  when  3072  would  be  given  as 
a  whole.  It  will  Ik  seen,  then,  that  part  or  alt  of  the  interme- 
diate numbers  of  the  calculation  may  remain  below  the  level  of 
dear  cousciouBi>css,  and  that  where  the  numbers  are  familiar, 
part  of  a  number  may  be  in  cleiir  cou^ousiiess  and  not  the 
rest  of  the  number,  At  the  ^lamc  time  the  whole  number 
functions  in  the  calculation,  otherwise  the  correct  answer  wuuld 
not  mult. 

There  is  just  one  class  of  problems  in  which  the  writer  could 
compete  with  the  real  mathemaiical  prodigies,  via.,  finding  the 
sqnarc  and  cube  rootsof  exact  squares  and  cubes.  In  fact,  ex- 
iracling  the  roots  of  perfect  powers  and  testint;  the  possible 
facioisor  gix-en  numbers  are  the  only  field*  in  which  the  prop- 
ertiefl  of  s-figurc  endings  are  really  useful,  and  evai  iheM 
proMems,  however  interestini^  to  the  uiatheraatical  prodigy, 
arcof  little  practical  importance  to  the  mathematician.  Rid> 
der.  Colbutn,  and  SaSbrd  made  3  specialty  of  these  problems, 
and  there  is  f;ood  evidence  that  all  three  wived  them  by  the 
aid  of  (he  properties  of  2-figure  endings.  A  brief  description 
of  the  "mclhcKl  of  endings"  will  therefore  not  be  ont  of  place. 

Given  the  last  two  figures  of  a  number,  the  last  two  figures 
of  its  square  are  knonrn;  but  given  only  tlie  liLHt  two  figures  of 
a  perfect  square,  the  last  two  figures  of  the  square  root  are 
not  definitely  known,  although  the  possible  values  are  nsnally 
only  four  in  number.  Similarly,  un  odd  ending  has  only  one 
possible  cube  root,  bat  an  even  ending  has  cither  none,  or  two 
which  differ  from  each  other  by  50.  Xow,  >uppoii«  a  given 
number  is  known  or  suspected  to  be  a  perfect  square  or  cube, 
and  its  root  contains  only  three  figures.  The  lirHt  figure  can 
readily  be  determined  by  inspection;  and  the  last  two  figures 
most  be  one  of  a  limited  number  of  possible  roots  of  the  ending 
of  the  given  nnml>er.  It  is  usually  easy,  after  a  little  prac- 
tice, to  tell  almost  «t  a  glance  which  of  the  possible  roots  to 
choose  in  a  given  case.  In  doubtful  cases  (multiples  of  5,  t. 
£■.,  where  the  number  of  possible  roots  is  greater)  stKh  ex- 
pedients as  casting  out  the  g's,  squaring  or  cubing  one  of  the 
suspected  answers  or  some  number  near  it,  or  using  the  j- 
figure  instead  of  the  i-figure  ending,  will  help  to  decide  which 
is  the  correct  root. 

The  application  to  factoring  is  slill  simpler,  If  the  numl>er 
to  be  factored  is  not  already  odd  and  prime  to  3  and  5,  it  is 
easily  made  so  by  simple  division.  Now,  in  the  case  of  an 
odd  number  prime  to  5,  if  the  last  two  figures  of  one  of  its 
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divisors  are  known,  nnd  the  division  Jscxact,  the  last  tnx>figr 
of  the  other  can  have  only  one  value:  and  it  is  easy  to  con- 
stiuct  a  table  showing  the  different  pairs  of  eudinss  in  the 
factors  which  will  produce  a  given  ending  in  the  product. 
Now,  suppose  it  is  suRpecled  that  a  given  number  is  a  factor. 
From  the  table,  or  by  a  computation  in  accordance  with  simple 
rotes,  which  need  not  be  considered  here,  find  the  last  two 
figures  of  the  other  factor;  if  desired,  the  hundreds  figure  can 
also  be  determined  by  casting  out  the  9's.  This  done,  it  is 
uecessar)- to  carry  the  divUiou  only  far  enough  to  decide  whether 
the  required  last  two  or  last  three  figures  can  res^ult;  as  iood 
as  ibis  is  seen  to  be  impossible,  the  work  is  abandoned,  since 
only  an  exact  divi&or  is  wanted.  It  is  thus  evident  that  much 
work  may  be  saved,  especially  where  the  numbers  involved 
are  not  vcr>' large;  indeed,  a  factor  may  often  be  rejected  almost 
at  a  glance  which  would  otherwise  have  to  be  divided  through 
to  the  end. 

So  much  for  the  application  of  2-figure  endings  to  evolutioa 
and  to  factoring.  The  latter  problem  never  attracted  the 
writer,  owing  to  the  habit  be  so  early  developed  of  confining 
his  attention  to  the  Inst  two  figures;  but  in  any  ca.se  where  • 
given  number  is  known  to  be  a  perfect  .square  or  cube,  and  its 
root  contains  not  more  than  three  figures,  he  finds  no  difficulty 
in  discovering  the  root  by  inspection.  This  would  a[^ly  almost 
equally  to  higher  roots,  except  that  in  some  cases  it  would  be 
difficult  to  tell  the  root  if  it  contained  more  than  two  figures; 
but  in  general,  the  higher  the  root  the  easier  the  problem,  and 
square  and  cube  roots  are  the  only  ones  which  often  coioe 
ftp.  It  is  evident,  however,  that  skill  In  solving  this  class 
of  problems  does  not  imply  special  skill  or  quickness  in 
other  branches  of  mental  arithmetic,  and  that  a  careful  dis- 
tinction must  be  made  between  the  cases  where  the  given 
number  is  a  perfect  power  and  those  where  it  is  noL  Where 
the  root  is  not  an  integer,  the  ending  gives  uo  aid  in  finding 
it;  memorization  of  a  large  number  of  perfect  squares  and 
cubes,  or  some  process  of  real  calculation,  must  then  be  re- 
sorted to,  instead  of  the  simple  method  of  guessing  by  iospec- 
tion  of  the  ending  of  the  given  number. 

Before  closing  this  part  of  the  paper,  the  writer  may  say  a 
few  words  about  his  memory  type.  He  learued  to  count  orally, 
and  his  calculations  began  at  once,  without  further  aid;  b« 
cannot  remember  ever  counting  on  his  fingers,  using  pebbles, 
or  the  like;  and  even  when  he  learned  to  make  written  figures 
later  on,  they  never  came  to  be  a.ssociatcd  with  his  mental  calcu- 
lations, which  remained  strictly  auditory  (or  auditory- -motor) 
throughout.  Ordinarily  the  motor  element  is  almost  entirely 
absent;  when  the  calculations  remain  in  the  familiar  Gdds 
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already  described,  they  are  accompanied  by  no  perceptible  in- 
iKrvation  of  the  masclcs  of  speech.  When  he  sttempts  un- 
practiced  feats,  however,  such  as  complete  3-figure  multiplica- 
tions, the  tendeucy  to  pronounce  some  or  all  of  the  figures  is 
marked.' 

Bot  while  the  writer's  type  is  unquestionably  auditory  in 
calculation,  the  prescDCc  of  written  figures  is  not  a  hindrance 
to  bim.  as  it  is  to  Inaudi.  On  tbecoutrary,  if  the  numbers  in- 
volved are  at  all  large, — aay  a  9-figure  number  whose  cube 
root  is  to  be  found, — the  presence  of  the  number  on  a  sheet  of 
paper  before  bim  b  a  distinct  aid,  saving  a  considerable  effort 
of  oiemoty,  and  greatly  facilitating  such  tests  ivi  C'lsting  out 
the  9's.  Outside  of  calculation  the  writers  type  is  predomi- 
nantly auditory;  but  he  can  use  visual  imager  ;it  will  with  no 
special  difBculty,  and  in  geometry  or  similar  fields  uses  Ihcm 
habitually  as  a  matter  of  course.  In  general,  tbeu,  his  type  is 
mixed,  but  with  a  slight  predominance  of  auditory  images. 

It  only  remains  to  add  that  his  calculating  powers  have  ia- 
creased,  though  very  gradually,  from  the  time  he  learned  to 
count  until  the  pre^tent,  constantly  taking  advantage  of  the 
results  of  bis  mathematical  studies,  and  at  intervals  following 
out  new  lines  of  inquiry  and  cLis.ses  of  problems  based  upon 
new  properties  of  numbers  and  endings.  There  has  been  no 
tendeno',  however,  to  enter  the  brofider  field.t  of  calculation 
cultivated  by  the  mathematical  prodigies ;  in  the  main,  his 
calculations  are  confined  within  the  limits  already  described, 
and  even  within  these  limits  it  often  happens  that  of  two  prob- 
lems wbkb,  to  an  ordinary  calculator,  would  be  of  equal  diffi- 
culty, one  will  be  far  ea.<uer  for  him  than  the  other,  owing  to 
the  peculiar  preferences  which  ba%'e  guided  the  distribution  of 
bis  practice  in  calculation.  While  mental  arithmetic  has  never 
absorbed  a  disproportionate  ^thare  of  bis  time,  there  Is  scarcely 
a  day  in  which  some  of  the  old  familiar  series  do  not  at  some 
odd  moment  or  other  ;un  through  his  head,  usuallyouile  auto- 
matically. He  has  never  had  any  fondness  for  written  com- 
putation for  its  own  sake,  and  is  perhaps,  if  anything,  a  trifle 
slower  at  it  than  the  average  man  with  an  equal  knowledge  of 
mathematics.  Me  is  liable  to  occasional  errors  unless  he  care- 
folly  tests  every  stage  of  bis  work.' 

■Mucti  the  wise  thinr  wm  Uae  o(  SAtford;  we  are  toW  {Ciamitrt's 
loumat,  VIII,  p.  165)  taut  it  was  hit  cnilotn  to  talk  to  liliuieK  when 
oftginatiDK  new  mleii,  hnt.  by  impUcatioD,  not  when  cnirj-iDg  on 
coii)poi>ti4>iiii  by  (nnilliat  rales. 

*!□  tlie  foregoing  account  an  attempt  lia*  been  made  for  the  moat 
part  to  tvoid  tcclititcal  terms  that  would  not  be  clear  to  tlie  doh- 
laalbeuialical  reader.  Tlie  atadeDt  of  the  tbeory  of  otitiibcr*  will 
readily  rccogniie  tbat  "i-fignre  endlags"  ar«  least  potlUvc  rttildaca 
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We  are  now  ready  to  interi>r«  the  facts  thtui  far  set  forth, 
and  to  con&tmct  from  them  an  explanation  of  the  mathemati- 
cal prodigy. 

HtredUy.  The  table'  gives  such  information  as  conid  be 
(bund  coocorning  the  heredity  of  the  different  calculators. 
Ju.st  what  part  these  various  circumnlaaces  actually  played  in 
the  development  of  the  dtScrcnt  prodigies  is  a  difficult  question, 
which  il  would  hardly  be  worth  while  to  discuiis  here.  This 
much  is  clear,  however,  ihnt  whatever  the  influence  of  heredity 
in  some  cases,  it  is  in  no  sense  an  (xpian'jlioK  of  mental  calcu- 
lation, but  at  most  a  favoring  circumsIaiKe.  A  nti.sfactory 
theory  must  rest  on  a  much  more  definite  basis  than  such  gen- 
eral terms  as  heredity,  environment,  and  (he  like  can  afford; 
it  musi  explain  the  cases  where  hereditary  influence  is  lacking, 
as  well  as  those  where  such  influence  seems  to  be  present. 
Heuce  we  may  safely  leave  the  question  of  the  relation  of  hered- 
ity to  mental  calculation  for  other  investigators,  and  devuteour 
attention  to  other  questions.' 

Dc-jthpmenl . — (a)  Precocity.  There  is  nothing  more  striking 
abont  the  mathcmaticnl  prodigies,  nothing  which  has  been  the 
subject  of  more  unciitical  ama/emeni,  than  their  almost  uni- 
form precocity.  Gauss  began  his  calculations  before  he  was  3 
years  old;  the  present  writer,  at  4:  Ampere,  betweeu  3  and  5; 
Whately.  at  y,  Pugliese  and  Succaro,  at  about  5;  Colbnm, 
at  5:  Safford,  at  6  or  earlier;  Mathieu  le  Coq.  Mr.  Van  R,,  of 
Utica.  Bidder,  Prolongeau.  and  Inaiidi,  at  6;  Mondeux,  at  7: 
the  Countess  of  Mansfield's  daughter,  at  S  or  earlier;  Ferrol, 
Mangiaroele.  Orandmange,  and  Pierini,  at  early  ages  not  defi- 
nitely stated.  Buxton's  mental  free  beer  record  began  from 
the  age  of  13;  Zaneboni's  calculations  began  at  the  same  age: 
Dasc  attended  school  at  the  age  of  3)^.  and  took  to  the  stage 
at  15.     In  short,  precocity  is  unmistakably  the  rule;  if  we 

(modnlns  loe),  atiil  Uiat  the  wHter'a  proceasof  ehanKJiifodd  nstnbera 
into  cvca  •imply  ehanxea  the  moiliiln*  to  15  instead  of  100,  luiiig  rest- 
tluM  wLicb  =  0  {mod  4).  Il  would  be  easy  to  Keneralixc  many  of  the 
pro^crtks  described  utiove.  And  to  show  Ibelr  application  to  w-figtire 
endiiii!*  and  congraencc*  in  general ;  but  •och  ■  laak  would  carry  us 
far  li«yoiiil  tlir  titiiit*  of  the  present  pnper. 

'See  Appendix  It. 

'There  arc  two  points,  however,  on  whicb  a  word  may  be  said,  ta 
tbe  first  place,  it  i>  a  pretty  aale  guess  that  Colburn't  eitra  finner*  aod 
toes  were  an  acddcnt,  a»  far  as  his  calculstlni:  power  wa*  ccnceraed, 
and  hnd  no  connection  with  his  mental  abnormalities.  On  Itie  other 
hand,  the  tictvousue*s  which  he  showed,  and  which  be  shnred  with 
Safforii  and  an  unnamed  calculator  in  Ihr  iiei){hboihood  ot  Troy,  N. 
Y.  {Me— air,  p.  17 j),  may  have  predisposed  him  to  lea*  active  partici- 
pBIion  iDcbltobih  games,  tf  not  to  actual  iltDcsi,  and  ■ohave  incrcaacd 
the  time  ATailable  for  bis  mental  calculations. 
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count  as  uuprecociotu  Zaneboai,  Buxton,  Da«e,  Dlamandi  (wbo 
began  to  calculate  at  i6,  but  bad  excelled  in  tnatbetnatics  in 
Bcliool  from  the  age  of  7),  tbe  slave  Totu  Puller,  and  tbe 
younger  Bidder  (about  whom  nothing  definite  is  known  in 
this  respect),  we  have  at  the  vrorst  6  unprecocious  calculators 
as  against  i3  wbo  were  prccociou*.' 

To  understand  this  precocity  wc  must  note,  first  of  all,  tbat 
arithmetic  is  the  moMt  independent  anil  self-sufficient  of  all  tbe 
bcicDces.  Given  a  knowledge  of  how  to  /vu»t.  and  later  a  few 
definitions,  as  in  Bidder's  case,  and  any  child  of  average  ability 
can  go  on,  onct;  his  interest  is  accidentally  aroused,  and  coa- 
strud,  unaided,  practically  tbe  wbolc  science  of  arithmetic,  do 
matter  how  much  or  bow  little  be  knows  of  other  things.  Ad- 
dition is  only  a  shortened  form  of  cunuting.  The  same  is  tme 
of  mulli plication:*  ibe  writer's  own  case  shows  that  the  calcu- 
lator need  not  even  Mt  tlown  and  teach  himself  the  niultiplica- 
tioo  tabic,  as  Bidder  did,  bnt  may  multiply  by  simple  modifi- 
cations of  bis  counting  proces.s.  Involution  is  simply  a 
modification  of  mnltiplicatton;  it  hn.s  already  been  pointed  out 
that  tbe  powers  of  numbers  are  natural  resting-places  in  count- 
ing along  tbe  series  of  multiples  of  the  number>,  The  inverse 
operations  ol  division  and  evolution  grow  naturally  ont  of  the 
direct  operations  of  multiplication  and  involution;  much  more 
emily  and  naturally  in  mental  than  in  written  aritbmelic. 
Once  these  elementary  operations  are  mastered,  such  processes 
as  reduction  of  years  to  seconds,  compound  interest,  and  any 

>  Pioni  ihi*  IJ>t  bu  been  oaiftteil  Huber'*  blind  Swiii",  wlin  Inrnrd 
to  I'likU'Dtatr,  pre«uniably,  Utc  iti  life,  bv  artlScial  aiethoilB.  and  obvi- 
ously ioe*  not  belong  10  what  Binrt  cnlln  the  "nmtnnil  family  of  great 
calculatotit."  HJiict'a  aTcrave  of  8  year*  (0^.  W/.,  p.  191)  for  tlic  pn- 
oocjona  calculator*  U  too  liigb;  it  la  obtained  bv  rejectliiit  (witboat 
•nfficicDt  Kround.  to  Car  as  the  writer  can  lec)  the  caaca  of  GauM  (3 
year*  0I1I)  nud  Wbntcljr  (wbo,  aa  we  have  aceu,  bewail  lo  calculale  st 
^,  not  at  3  aa  alalol  lii.idv«rlriitly  in  Scripturv'a  labk).  anil  by  taking 
in  aeren)  cBs«a  the  age  at  wbkb  the  prodigy  v,ta  exMi^iUd  htiore  tbe 
Acad,  dea  Sclencea  oa  Ibe  bk=  when  hie  calculatioaa  began.  But  oa 
Riuct'a  owu  abowinK'  MouJanx  had  calculated  tor  three  yeara  before 
be  wna  esbJbitcd  in  rarii;  so  ibat  it  will  not  do  to  areiage  together 
aacb  diaaimjlai  data.  Where  the  at^e  of  eabibiiifln  ia  later  than  7,  no 
attrmpi  baa  been  tnadr  10  date  tbr  begluolng  of  tbe  calcalatlonai  if 
wi-  tben  average  tbe  Bg«a  of  tbe  known  eaacs  of  preeoeity  (some  of 
wbirb  are  nndoabtcdly  too  hi£h  by  a  year  or  siorc),  wc  get  5  to  j>jaR 
an  ai-eraite,  not  8.  Tbls  l^  much  wore  natural  it  Ibc  "natural  calcu- 
lator" nsually  begin*  to  cnlctilBte  from  the  time  he  learns  to  count. 
Of  Ibe  (ix  men  not  known  to  be  preeocJoua.  two  (Fuller  and  Ruxton) 
ware  deuMly  iKOOiant,  and  Iwn  of  tbe  olbera  belong  to  the  viitnal 
type,  which,  ai  we  shall  ace  later,  is  in  certain  respect*  intermediate 
between  tbe  "nalural"  or  auditory  and  Ibc  "artificial"  type. 

In  multfplicslion  the  coumln|;  ia,  of  courae,  done  In  the  aeries  of 
mu/iip/^i  ol  the  tnuliiplicand,  not  In  the  aeriea  of  natural  nnmbera; 
(/.  part  II  of  the  preaciit  paper. 
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Other  arithmetioil  problems  are  simply  a  matter  of  understaod- 
ing  the  mesning  of  the  questioD  and  then  applying  knowaj 
rules,  plus  a  varying  amount  of  ingenuity,  to  the  solution,  laj 
ftccrirrfniice  with  the  tendency  of  all  menial  operations,  psjcho- 
logical  shortenings  of  the  processes  invoh-ed  will  come  with 
pnictice,  and  marhematical  propertieit  of  the  sort  already  de- 
scribed still  further  facilitate  the  work;  so  that  in  favorable 
cases  the  whole  process  may  l>ecome  in  large  measure  auto- 
matic, and  may  go  on  while  active  nttentioo  In  given  to 
something  else. 

Moreover,  the  various  symmetries  and  properties  of  nttm- 
bers  and  series  attract  the  attention  of  the  calculator  from 
the  start,  and  keep  up  his  interest  until  the  habit  of  mental 
calculation  has  been  firmly  fixed.  After  that,  if  nothing  inter- 
venes to  change  that  interest,  there  is  practically  no  limit  to 
which  be  may  not  attain,  as  the  case  of  Dase  abundantly  shows. 

We  must  note,  furthermote,  that  practically  an  unlimited 
amount  of  time  may  be  available  for  these  calculations  if  the 
prodigy  wishes  so  to  nse  it.  Mental  arithmetic  requires  no 
inKtruments  or  apparatus,  no  audible  practice  that  might  dis- 
turb other  members  of  the  family,  no  information  save  such 
chance  scraps  as  may  he  picked  up  almost  anywhere  for  the 
asking,  or  absorbed,  without  even  the  trouble  of  asking  ques- 
tions, from  older  brothers  and  sisters  as  they  discuss  their  < 
school  lessons.  The  young  calculator  can  carr>'  on  his  re-| 
searches  in  Ixrd,  at  the  table. — if  he  allows  himself  to  be  "seen 
and  not  heard," — during  the  perhaps  laborious  process  of 
dressing  or  undressing;  lu  short,  at  almost  any  time  during 
the  twelve  or  fourteen  hours  of  his  waking  day,  except  when 
he  is  engaged  in  conversation  or  active  physical  play. 

Thus,  if  an  interest  in  counting  once  takes  hold  of  a  child-l 
either  not  fond  of  play  or  not  physically  able  to  indulge  in  it,— ^ 
and  stringing  beads,  counting  the  ticks  of  a  clock,  or  even  & 
chance  question  like  "Let's  hear  if  you  can  count  np  to  too", 
may  start  such  an  interest,  which  will  then  furnish  all  the 
material  for  its  own  development, — he  may  go  on  almost  in- 
definitely, and  become  a  prodigj-  long  before  his  parents  sn.'^pect 
the  fact.  Indeed,  the  interest  in  counting  may  seem  so  nataral 
to  the  child  that  he  may  never  think  of  doubting  that  every 
one  else  possesses  it,  and  months  or  even  years  may  elapse  be- 
fore some  accident  reveals  the  direction  of  his  interest  to  bis 
a.«tonished  relatives.  Several  of  the  calculators — Mondeux, 
Maugiamele,  Pierini,  Inaudi — were  shepherd-boys,  an  occupa- 
tion which,  since  it  requires  an  ability  to  count  and  aSords 
ample  leisure,  is  peculiarly  favorable  for  practidng  calculation; 
several,  again, — Grandmange  (bom  without  arms  or  legs), 
Safiord,    Pierini,  the  present  writer.— were  sick  or  otlwrwise 
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incapacitated  for  actK-c  play  to  a  greater  or  less  extent,  and 
thus  enjoyed  an  e(|uaUy  f{ood  opportunity  to  practice  calcula' 
Hon.  Fuller  and  Utixton.  on  the  other  hand,  whether  preco- 
cious  or  not,  were  raco  of  such  limited  iutelliKeiice  that  tbey 
could  comprehend  scarcely  anything,  cilbcr  theoretical  or 
practtcal,  more  complex  than  counting;  and  their  purdy  tnaa- 
ual  occupstious  left  their  minda  free  to  carry  on  almost  without 
limit  their  slow  and  laborious  calculations. 

These  considerations  put  the  whole  matter  of  mathematical 
precocity  iu  a  new  light.  Instead  of  joining  In  the  popular 
admiration  and  awe  of  these  youthful  calculators. — and  even 
psycholosisifl  have  not  been  wholly  free  from  this  unciitical 
atiitnde. — we  must  say  that  precocity  in  calculation  is  one  of 
the  most  natural  things  in  the  world.  If  a  person  is  to  become 
a  calculator  at  all,  be  wilt  ustially  begin  as  soon  as  he  learns 
to  count,  and  in  most  cases  before  be  learns  to  read  or  write; 
and  bis  development,  while  it  wilt  of  course  be  ]{radual, — in 
Bidder's  case  probably  a  year  elapsed  between  his  learning  to 
count  and  the  early  incidents  which  made  his  gift  known, — 
will  be  so  greatly  facilitated  by  the  amount  of  time  available, 
the  intriniiic  interest  of  calcnlation,  and  the  ease  with  which 
new  information  can  be  picked  up  as  needed,  that  he  may  be- 
COOK  a  fuU-flfdged  caknlatur  before  he  is  suspected  of  being 
able  to  count  without  the  aid  of  his  fingers.  His  preoccupa- 
tion with  his  calculations  may  give  rise  to  a  false  appearance 
of  backwardness,  or  be  may  really  be  of  very  low  intelligence. 
r  be  may  be  an  all-round  prodigy  like  SaSord,  Gauss,  and 
mp^re;  mental  arithmetic  is  so  completely  independent  and 

If-suffident  that  it  is  equally  compatible  with  average  endow- 
luents  or  with  either  extreme  of  intelligence  or  stupidity. 

Mathematical  precocity,  then,  stands  in  a  class  by  itself,  as 
a  natural  result  of  the  simplicity  aud  isolation  of  mental 
arithmetic.  There  is  nothing  wonderful  or  incredililc  atiout  it. 
The  all-ronnd  prodigy  like  Amp&rc  or  Sir  William  Rowan 
Hamilton  or  Macaulay  is  possible  only  in  a  well-to-do  and  cul- 
tured family,  where  books  are  at  hand  and  general  conditions 
are  favorable,  and  be  must  posse.ss  genuine  meutal  ability. 
The  musical  prodigy,  again. — Mozart  is  the  stock  instance, — 
must  come  of  a  musical  family,  hear  music,  and  have  at  least 
some  chance  to  practice,  and  hence  cannot  long  hide  hLs  light 
under  a  bushel.  But  the  mathematical  prodigy  re(|uircs  neither 
the  meutal  ability  and  cultured  suTroundingsof  the  oue  nor  the 
exlernal  aids  of  the  other.  He  may  Iw  an  alt-round  prodigy 
as  well,  like  Gauss,  Ampere,  and  SaSord;  it  is  not  improbable 
that  Bidder,  under  favorable  coudttions,  would  have  developed 
into  such  an  "infant  phenomenon";  but  he  may  also  come  of 
the  humblest  family,  aud  be  unable,   even   under   the  most 
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fiiVOTable  c»nditioDS,  to  develop  average  ioteUigcncc.  H«  may 
proclaim  himself  to  the  world  alniutt  at  oik«,  like  the  atl-rotind 
or  the  musical  piodigy,  or  keep  his  gift  a  secret  for  months  or 
evdi  yearst.  If  we  are  to  call  him  a  prodigy  at  all.  it  is  im- 
portant to  realize  how  widely  he  may  differ  from  other  piodi> 
t(iet),  and  to  avoid  carefully  the  popDlar  confusion  due  to  the 
misleading  associations  of  the  words  "prodigy"  and  "pre- 
cocious." 

{^)  Lots  of  Potiftr.  Mental  calcutatioo,  then,  starta  from  an 
interest  in  counting ;  at  the  ontset  it  demands  only  that  ability 
to  connt  by  i"s,  2's,  a's,  7's,  and  the  like,  which  all  of  as  re- 
quire for  such  evcry-day  purposes  us  keeping  track  of  the  days 
of  the  week.  But  if  for  any  reason  this  interest  in  (."ounting  Is 
lost,  practice  in  calculation  will  cease,  aud  the  skill  already 
acquired  will  disappear,  just  as  the  piitnisfs  skill  la  lost  when 
interest  and  practice  cease.  There  are  two  striking  instances 
of  this  among  nieiUal  calculators:  Whatety  and  Mr.  Van  R.  of 
Utica,  both  of  whom  began  to  calculate  at  ati  early  age,  but 
loeit  the  power  after  two  or  three  years.  Here,  again,  however, 
there  need  be  no  mystery;  the  disappearance  of  the  gift  with 
the  loss  of  the  interest  in  which  it  originated  is  as  natural  and 
normal  as  its  original  appearance. 

Just  what  caused  the  loss  of  interest  is  not  always  easy  to 
say.  In  Whaiely's  case  tlie  trouble  may  have  been  that  on 
going  to  school  he  was  taught  arithmetic  or  "ciphering"  by 
methods  very  different  from  his  old  ones,  became  conluscd, 
failed  to  establish  a  connection  between  the  two,  and  lost  his 
interest  in  calculation  as  a  result  of  bis  distaste  for  "ciphering." 
In  Colburn's  case  the  loss  of  .skill  seems  to  have  been  mnch 
more  gradual,  and  probably  never  complete.  In  this  respect 
be  is  like  the  pianist  who  retains  his  interest  in  music,  but 
is  prevented  by  other  occupations  from  keeping  in  practice; 
if  later  on  he  is  able  to  resume  practicing,  bis  skill  is  soon 
regained. 

Edu<atioH.  A  glance  at  the  table  of  mathematical  prodigies' 
will  show  that  education  as  such,  whether  mathematical  or 
general,  has  little  or  no  influence  on  the  calculating  power, 
«ther  to  help  or  to  hinder  it,  At  the  one  extreme  we  find 
Fuller  and  Ruxton,  men  of  dense  ignorance  and  limited  powers 
of  calculation,  and  near  them  Dase,  the  greatest  of  all  calcula- 
tors, who  even  tn  mathematics  was  scarcely  less  stupid.  At 
the  other  extreme  stand  Ampere,  Gati-ss,  Bidder,  and  SaSbrd. 
in  whom  unusual  mathematical  and  general  ability  and  a  wide 
range  of  interests  exist  side  by  side  with  marked  skill  id 
mental  calculation;    while,  on  the  other  hand,  the  ordinary 
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mathemstician  or  man  of  cutttire  has  little  or  no  gift  for  mental 
arithmetic.  That  th«  cnlciilating  power  should  be  independent 
of  general  education  is  not  particularly  surpriMnj^;  but  its 
independence  of  mathematical  training  and  ability  seems  at 
first  less  nataral  and  obvious. 

In  a  general  way,  we  may  distinguinh  three  grades  of 
mathematical  ability  in  the  great  calculators.  Thot«  of  the 
first  class  never  get  beyond  the  stage  of  pure  counting,  thougli 
of  courte  the  cotinting  proceaii  come«  to  be  abbreviated  more 
or  less  with  practice.  At  this  stage  the  point  of  view  is  not 
even  arithmetical;  the  calculator  thinks  not  of  arithmetical 
openitioDS,  but  of  properties  of  nnmbcrs  and  of  scries,  and  the 
shorl-cms  he  uses  are  of  a  relatively  simple  aort,  showing  no 
mathematical  iimght.  Without  insisting  too  sharply  on  the 
distinction,  we  may  term  these  men  ' 'catculaling  prodigiea." 

Those  of  the  second  class  may  be  called,  from  the  present 
point  of  view,  "arithmetical  prodigies";  Colbum  and  Dase 
will  serve  as  examples.  Here  we  find  a  fairly  well  developed 
knowledge  of  arithmetic,  and  a  dixtinctly  arithmetical  point  of 
view:  it  is  operations  of  calculation,  rather  than  mere  proper- 
ties of  numbers.  In  which  these  men  are  interested,  and  the 
various  short-cnts  UKed  are,  we  may  suppose,  suggested  by 
practice  in  calculation  rather  than  by  mfttheniatical  keenness. 

The  thin!  class  compriKS  the  "mathematical  prodigies"' 
proper,  of  whom  Bidder  may  be  taken  as  the  type.  Here  we 
find  real  mathematical  ability,  power  to  talce  a  distinctly  alge- 
braic point  of  view,  to  generalize,  and  hence  to  discover  alt 
sorts  of  iugenious  short-cuts  and  symmetries.  Bidder's  com- 
pound interest  nietho<l  is  perhaps  the  most  striking  example ; 
Mondeux's  unconscious  use  of  the  Mikomial  theorem  ia 
another. 

StKh  a  classification  must  not  be  taken  too  seriously,  of 
course ;  a  good  deal  of  hair-splitting  would  certainly  be  needed 
to  ettabllsb  hard  and  fast  lines  between  the  different  classes. 
The  important  point  is  that  mental  calculation  and  mathe- 
matical ability  are  essentially  independent,  and  that  nlmnst 
any  degree  of  the  latter  is  compatible  with  any  degree  of  skill 
in  the  former.  Where  the  two  are  (bund  together,  calculation 
nmally  appears  first ;  but  even  to  this  there  are  czceptlona, 

'Theiie  t«rmi  ar*  here  ated  mcitlj  a«  a  convenient  meani  of  tem- 
porarily desianaliiig  difiiefent  grades  of  •kill  in  calculation;  the  vrtler 
would  not  advocate  their  general  adoption  m»  here  itcRuol.  For  a 
general  term  emt>racinf;  all  three  claasea,  "aHthmetical  prodigic*" 
teema  the  best:  the  reason  this  term  was  not  taken  a«  the  tttle  o{  th« 

P«Mnl  paper  waa  that  .Scriptur«'«  article  a1rra<tr  bore  that  title,  aitd 
MCHHd  undeairable  to  ran  tbe  risk  of  coolnving  laur  •tadenta  by 
adapting  it  (or  a  »econd  article  on  the  aubjcct. 
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since  Diatnandi  excelled   in  matbemnttcs  at  school  for  niDe 
years  before  he  discovered  liis  gift  (or  calculation. 

Neither  matbemat teal  nor  general  education  or  mental  ability, 
tben,  bas  any  direei  inRuenoe  on  menul  calcalatlon.  Indi- 
rectly, however,  education  may  have  an  important  influence. 
We  have  .seen  that  if  for  any  reasoii  the  interest  in  calculation 
is  lost,  the  calculating  ]K)Wcr  will  disappear.  Now  menial  cal- 
culation is  a  narrow  and  special  field,  with  little  practical 
Importance  for  most  meo ;  hence,  other  tbiugs  being  equal,  as 
a  boy's  sphere  of  interests  widens,  his  interest  in  mental  calcu- 
lation is  likely  to  sinlc  into  the  background.  This  explains 
why  so  many  ignorant  men  have  excelled  as  calculators ;  ig- 
tiorance,  by  preventing  the  intrusion  of  other  interests,  leaves 
the  calculator  free  to  develop  his  one  gift,  and  keeps  him  from 
realiKing  how  trivial  it  is,  and  how  groundless  is  the  public 
amazement  which,  perhaps,  contributes  to  hLs  support.  On 
the  other  hand,  if  the  interest  in  calculation  is  retained  cle!»pi<e 
the  widening  of  the  sphere  of  interests  resulting  from  educa- 
tion, the  calculating  power  may  prove  to  be  of  considerable 
practical  value.  The  two  Uiddcrs  will  gcr^'c  as  examples.  Tbe 
father  owed  his  striking  success  as  an  engineer  primarily  to  bis 
powers  of  mental  calculation,  which  nut  only  won  bim  Ibe 
friends  who  contributed  to  pay  the  cost  of  his  edticatioo,  bat 
were  uf  constant  use  to  him  in  his  profession,  especially  as  an 
expert  witness  betore  Parliamentary  committees.  Tbe  son,  a 
lawyer,  telb  us  that  he  Huds  it  an  immense  advantage  to  have 
in  mind  a  number  of  formulas  and  constants  for  ready  refer- 
ence,'and  doubtless  bis  readiness  in  using  these  form tilas  and 
constants  in  mental  arithmetic  was  stil!  more  nseful.  Gauis 
and  Safiord  arc  iUusIratious  of  the  obvious  possible  uscfuloess 
of  menial  calculation  to  ibe  matht;matician. 

CaUuladoK.  If  mental  calculation  naturally  arises  out  of 
counting,  we  might  at  first  suppose  that  addition  would  be  the 
&%-orite  operation  of  the  mathemalical  prodigies;  but  there  is 
nocvidence' to  this  effect  in  any  known  case.  Bidder  specifically 
states  that  multiplication  is  the  fundamental  operation ;  Col- 
burn  found  multiplication  easier  even  than  addition  or  subtrac- 
tion :  Buxton's  favorite  problems  seem  to  have  been  long 
muliiplicatious,  yet  we  have  seen  reason  to  suspect  that  his 
calculations  never  progressed  far  beyond  the  counting  stage: 
the  younger  Uidder  performed  i5-figuremultiplications,SaSord 
(though  in  a  verj-  easy  case)  an  i8-figore  mnltiplication,  and 
Base  one  of  loo  figures  which  did  not  seem  seriously  to  Ux  his 
powers.  The  reduction  of  years  to  seconds  and  similar  prob- 
lems, resting  oa  simple  applications  of  multiplication,   have 

^^etttttor,  LI,  1878,  p.  1635. 
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been  favorites  with  many  calculators.  In  short,  multipiimlien 
and  not  addition  seems  to  be  the  fundamental  and  favorite 
operation  in  mental  calculation. 

Nor  is  this  difficult  to  understand.  It  has  been  suggested 
above  that  in  the  earlier  stages  the  "natural"  calculator  wtio 
bcRins  with  counting — as  distinguished  from  the  "artificial" 
calculator  who  begins  relatively  late  in  life,  using  book-methods 
from  the  start — i*  interested  mainly  in  profxriiri  of  numbers 
Uid  of  simple  series.  Now  these  properties  are  revealed  not  by 
addition,  but  by  miil(i|i]ication,  or  the  form.s  of  counting  which 
arc  equivalent  to  uiultiplicalton.  Addition  and  subtraction 
bring  out  no  properties  of  particular  interest.  Given  any  num- 
ber, another  number  can  be  added  to  it  or  subtracted  from  it  so 
as  to  produce  any  other  number  whatever,  by  processes  which 
are  mecbunical  and  not  particularly  interetiting.  Where  the 
addition  of  a  scries  of  terms  docs  produce  a  result  of  any  in* 
terest,  as  in  the  series  i4-2-h3-|-4  ....  or  the  series 
1+3+5+7  ....  the  interesting  property  belongs  to  the 
sum  not  primarily  as  a  sum.  but  as  a  function  or  ntulltple  of  the 
Nth  term:  in  the  fir.Ht  ca.se  the  sum  of  n  terms  1^  ^"(n+i). 
which  is  a  multiple  of  the  next  term  n+i.  or  of  half  the  next 
term  in  case  that  next  term  is  even;  white  in  the  second  case 
tbe  sam  of  n  terms  is  always  equal  to  n*.  which  Is  x\\^produet 
rOf  two  equal  factors.  Addition  and  subtraction,  in  short, 
lapart  from  multiplication,  are  mechanical  processes,  and  are  of 
very  limited  interest  to  the  calculator,  whereas  multiplication 
is  the  key  to  all  thoae  properties  which  arouse  his  interest  and 
stimulate  him  to  establish  the  calculating  babit.  The  diSer- 
enoes  between  odd  and  even  numbers,  the  properties  of  prime 
and  composite  numbers,  as  well  as  of  gquar&s,  cul>es.  and  other 
powers,  scries  of  all  sorts,  2-figure  endings,  casting  out  the  9's. 
and  the  Itke,  all  grow  directly  out  of  multiplication. 

The  mtihodi  used  in  mental  multiplication  arc  various.  The 
simplest  is.  as  we  have  seen,  a  more  or  less  abbreviated  process 
oi  counting.  It  is  of  course  difficult  to  say  just  which  individ- 
ual calculators  rcmaiacd  permanently  in  this  stage;  we  have 
seen,  however,  how  large  a  part  tbia  countiug  process  plays  in 
the  writer's  own  case,  and  it  is  not  unlikely  that  this  was  tbe 
method  of  both  Fuller  and  Buxton. 

Several  of  the  prodigies  hegim  multiplying  at  the  left,  in- 
stead of  at  the  right  as  in  the  ordinary  written  method.  The 
advantage  of  tbift  procedure,  as  Colburu  and  Bidder  explain, 
is  that  the  larger  figures  first  obtained  arc  easily  remcml>ere<i, 
becatisc  ending  with  so  many  zeros,  and  that  there  is  at  any  given 
stage  of  the  work  only  one  result  to  keep  in  mind.  The  re- 
sult is  changed,  to  be  sure,  by  each  new  partial  product  in* 
corporated  with  it;  but  the  great  diSerence  between  written 
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and  mental  nrtthraetic  ift  that  whereas  in  the  former  it  tseastest 
to  record  the  partial  results  and  later  combine  them  all  at  once, 
in  the  latter  it  is  much  easier  to  combine  at  each  separate  stage. 
and  relieve  the  nieinory  of  the  strain  of  rememlxring  the  par- 
tial results  throughout  the  process.  Probably  in  most  cases 
the  partial  prwiacts  actually  are  remembered,  as  by  Inaudi. 
*.g-:  but  the  fact  that  they  mayhc  forgotten  if  desired  without 
interfering  with  the  calculation,  relieves  the  calculator  of  all 
anxiety  in  the  mutter. 

Such  is,  in  general.  Bidder's  explanation  of  this  method.  It 
Is  obvious,  hon'ever,  that  no  sncU  carefully  reasoned  considera- 
tions can  influence  the  calcalator  at  the  early  stage  when  falfl 
methods  are  taking  shape;  and  in  mental  arithmetic  it  is  almost 
always  easier  to  go  on  with  an  old  method,  however  imperfect  in 
theory,  than  to  leani  a  new  one.  The  real  reason  for  Bidder's 
adoption  of  this  method  is  doubtless  the  very  simple  one  that 
it  is  more  natural  to  begin  with  the  first  figure  of  the  multiplier 
than  with  the  last;  if,  however,  the  calculator  should  acd- 
dentally  form  the  babit  of  beginning  with  the  loat  figure,  it  is 
hard  to  see  where  any  real  inconvenience  would  result.  In 
mental  as  in  written  aTillimetic,  much  depends  on  custom  and 
babit;  it  is  hard  to  see  any  great  dififcrcnce  in  convenience  l>e- 
tween  beginning  at  the  right  and  beginning  at  the  left,  either 
in  mental  or  in  written  multiplication.  Of  the  two  proccssesj 
below, 
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it  is  custom,  rather  than  the  minute  difference  io  convenience, 
that  sauctious  the  first  rather  than  the  second. 

There  are  two  calculators,  the  younger  Bidder  and  Dla- 
raaodi,  who  are  known  to  have  used  tToss-muMp/icai/ffn ;  tht 
dder  Bidder,  however,  as  we  have  seen,  did  not  use  this 
method,  despite  his  son's  statement  to  that  effect,  It  is  prob- 
ably not  a  coincidence  that  both  the  users  of  crots-mulli plica- 
tion were  of  the  visual  tyfic;  for  white  thiH  method  has  advaa* 
tages  which  have  already  been  explained,  it  is  a  radical 
departure  from  direct  counting,  and  would  naturally  ariae  oaXy 
aa  an  abbreviation  of  written  multiplication,  or  of  mental  mul- 
tiplication done  by  the  methods  of  written  multiplication.  In 
short,  it  is  an  "artificial"  method  of  mental  calculatkm.  Cros»> 
multiplication  wonld  be  greatly  facilitated  by  a  mental  ptcinre 


of  the  fifiiires  as  arrntiKed  for  written  work:  ntid  we  know  that 
both  thenc  men  possessed  such  menial  pictures,  ihougti  doubt- 
leas  in  a  modified  form.  Diauaudi  learned  mental  arithmetic 
aAer  bis  methods  of  written  nriihmetic  bad  tsken  definite 
shape,  and  it  is  fairly  safe  to  assume  that  the  same  was  also 
ime  of  the  >-ounger  Bidder;  this  would  imply,  of  course,  that 
he  was  teas  precocious  than  bis  father. 

Another  method  of  multiplication  possible  for  a  visual  cal- 
culator is  that  explninetl  by  Richard  A.  Proctor.'  In  brief, 
according  lo  this  explanation ,  each  nomber  is  for  the  calcula- 
tor a  visual  group  or  pattern  of  dott.  discs,  or  the  like,  and 
multiplication  consists  in  mentally  juxtaposing  or  otherwise 
combining  as  many  of  these  patterns  of  the  multiplicand  as 
there  are  nnita  in  the  mHltiplitr.  and  then  renrraiiging  the 
dots  into  a  simpler  pattern  which  indicates  the  product  at  a 
glance.  Of  course  all  mtrls  of  sbort-cnts  wotiM  come  in  with 
practice;  but  in  principle  the  method  is  as  indicated.  The 
essential  characteristic  of  these  mental  dot-patterns  is  their 
pla.<iticily,  the  ea.te  with  which  the  pattern  can  be  changed 
while  the  number  of  dots  remains  unaltered.  Proctor  lells  us 
that  as  a  child  he  himself  acquired  some  little  facility  in  men- 
tal arithmetic  by  this  method,  and  probably  with  sufficient  in- 
terest  and  practice  it  would  give  good  results  in  tbe  case  of  a 
vinual  calculator.  Up  lo  the  prcM^ut  time,  however.  Proctor's 
case  is  the  only  one  of  the  sort  that  has  come  to  light,  and 
there  is  no  ground  for  extending  this  explanation  to  other 
known  cases. 

Another  explanation  of  mental  multiplication,  proposed  by 
Proctor  and  Scripture,  attributes  to  tbe  prodigies  an  extended 
multiplUation  taMe.  Proctor  conjectures  that  it  may  even 
reach  (in  the  case  of  Bidder)  to  i,ooo  x  i.ooo;  Scripture, 
however,  suggests  only  too  x  too.  On  this  theory,  tbe  multi- 
plication of  two  i3-6guFe  numbers  would  proceed  by  the 
diviiiion  of  each  number  into  six  i-figure  periods,  or  four 
3-figurc  periods,  which  would  then  be  used  in  the  same  way 
as  ordinary  mortals  uac  single  Rgnres,  giving  tbe  answer  in  6 
partial  products  of  6  operations  each,  or  4  partial  products  of 
4  operations  each,  instead  of  ii  partial  products  of  ta  opera- 
tions each. 

Doubtless  such  a  method  is  tbeorettcally  possible,  and  would 
materially  reduce  the  time  required  for  multiplication;  but  can 
we  attribute  it  to  any  calculator  of  whom  we  have  specific 
knowledge?  We  know,  of  course,  that  any  lx>ok-method  or 
artifidal  aid  of  written  or  mental  arithmetic  can  be  utUiced 
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with  rafficient  prsctic«.  Teachers  have  taught  whole  cLasses 
of  puptU  to  multiply  with  the  aid  of  nrore  or  less  exletided 
tables;  Gauss  used  logarithms  in  his  mental  calcalatiuns:  and 
the  younger  Bidder,  Fcrrol.  and  probably  Hubei's  blind  Swiss 
used  innemonics  of  some  son.  The  question  is,  however;  DW 
such  men  as  Buxton,  Colbum,  Mondcnx,  Dose,  and  Bidder — 
men  who  undoubtedly  belon;;  to  the  "natural  family  of  threat 
calculators,"  i.  e.,  whose  methods  of  calculation  took  shape  in 
the  first  instance  independently  of  books — use  multiplication 
tables  reaching  to  loo  x  too,  or  even  50  x  50.  or  can  tbeir  feats 
be  explained  without  presupposing  a  table  reaching  beyond  10 
X  10  or  12  X  12? 

There  are  two  ways  in  which  such  an  extended  mnltipUct- 
tion  table  might  be  acquired.  In  the  first  place,  the  calculator 
might  ^t  down  and  figure  out  the  various  products,  either 
mentully  or  on  pnpcr.  and  then  commit  them  to  memory,  a 
few  at  a  time,  until  all  were  fully  mastered.  In  this  case  the 
multiplication  of  48  by  64  would  take  the  mental  form,  '  'Pony- 
eight  timcH  sixty-fonr  are  3,073,"  or,  in  a  shortened  form,  the 
numbers  48  and  64,  connected  by  the  multiplication  siku  or 
the  wimis  "'mnltiplied  by,"  would  call  up  directly  the  idea  of 
3,07a.  without  any  intcnnediate  calculation,  cither  clearly  con- 
scious or  automatic:  just  as  9  x  7  means  63  for  the  ordinary 
man,  without  the  intervention  of  any  of  the  other  multiples  of 
9  or  7.  Fatigue  or  Uck  of  practice  might  render  the  process 
slower,  but  would  not  introduce  any  iutcrmediate  Imks  of 
calculation.  In  the  second  place,  the  calculator  might,  with 
practict;,  be  able  to  multiply  4S  x  64  so  readily  and  rapidly, 
by  more  or  less  automatic  processes,  that  be  would  get  the 
aiuswer,  3,073,  as  quickly  as  if  he  had  relied  on  a  direct  act  of 
memory;  and  ifthc  process  of  calculation  happened  to  be  mainly 
or  wholly  automatic,  he  luiKht  even  be  iKuorant  of  its  existence, 
and  Mippose  he  bad  actually  found  the  result  by  direct  and 
unaided  memory.  At  times,  however,  brief  flashes  of  these 
intermediate  calculations  would  pass  through  his  mind;  and 
when  he  was  tired  or  out  of  practice,  his  calculations  would  not 
only  be  slower,  but  would  be  of  a  more  clearly  conscious  char- 
acter, The  intermediate  links,  which  had  been  made  auto* 
matic  and  half  unconscious  by  practice,  would  return  as  soon 
as  fatigue  or  disuse  reduced  the  calculator's  speed. 

In  this  second  case,  however,  it  is  evident  that  the  whole 
5,000  or  10,000  entries  of  a  multiplication  tabic  to  too  x  too 
cannot  properly  be  said  to  exist  already  computed  iu  the  calcula- 
tor's mind.  We  shall  have  to  discuss  a  little  later  the  various 
ways  of  shortening  the  calculation  on  the  p-iychological  side; 
but  in  dealing  with  the  enlarged  multiplication  table  theory', 
we  must  insist  that  the  only  legitimate  interpretation  of  the 
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tncoiT  is  that  such  a  labic  is  dflibfralely  tommitttd  to  memory 
by  the  calculator,  and  not  reached  in  particular  cases  by  aa 
Abbreviated  procewi  of  calculation  who«e  omitted  links  cotild 
return  under  any  ordinary  drcumstauccs.  Fatigue  or  lack  of 
practice  might  prolong  the  time  of  unmeditated  recall,  but  could 
never  interpolate  into  it  even  the  briefest  flashes  of  calculation. 
If,  then,  no  specific  evidence  is  at  hand  that  such  an  enlarged 
taWe  actually  aiw  nsed  by  any  of  the  "natural  calculators," — 
and  no  such  evidence  has  been  adduced  by  the  advocates  of  the 
theory, — we  cannot  accept  this  explanation  unlets  it  is  shown, 
either  that  the  enlarged  multiplication  table  is  a  more  natural 
tnetbod  than  the  smaller  table,  or  that  the  aaual  acbicve- 
ments  of  Momc  or  all  of  the  calculators  cannot  be  explained  in 
any  other  way.  Actually,  the  latter  of  these  arguments  is  the 
one  on  which  the  defender:*  of  the  theory  seem  to  rely;  it  will 
be  safest,  however,  for  us  to  examine  the  former  as  well. 

In  the  first  place,  then,  it  can  hardly  be  claimed  that  a  mul- 
tiplication table  extending  much  beyond  lox  lois  either  natural 
or  useful  in  the  early  stages  of  mental  calculation,  if  the  cal- 
culation arises  in  tlie  natural  and  not  in  the  artificial  way. 
The  child  who  becomes  a  calculator  begins  to  multiply  soon 
after  be  learns  to  count,  certainly  before  he  has  learned  to 
count  beyond  tooo.  and  hence  before  his  multipliers  have  ex- 
ceeded 31.  It  will  hardly  be  argued  that  up  to  this  point  a 
table  tjeyond  lox  10  would  he  of  any  use,  Hence  (ht  mleulo' 
tor't  kabits  and  methods  0/  muttipluaiion  are  definilrly  Jomttd 
before  a  taNe  beyond  10  x  10  is  tteeded.  Such  a  table  serves  all 
the  purposes  even  of  written  multiplication  for  most  of  us;  in 
fact,  even  if  we  know  the  multiplication  table  to  iixia,  we 
rardy  uite  it  beyond  lox  10.  How  many  of  us  in  multiplying 
413,976  by  3.128,  for  instance,  would  think  to  treat  the  i:  in 
either  the  multiplicand  iir  the  multiplier  ns  a  single  factor?  It 
is  only  where  the  multiplier  itself  is  simply  ti  or  ti  that  the 
13X  13  table  excels  the  lox  10  table  for  any  practical  purpose. 
Hence,  unless  an  enlarged  table  extended  all  the  way  to  toox 
100,  its  ntility  would  be  relatively  slight.  In  mcutal  multipli- 
cation, too.  we  know  that  Inaudi,  who  cnuld  multiply  6  figures 
by  6  figures,  used  a  table  reaching  only  to  lox  10.  We  are 
thus  brought  to  OUT  second  question  :  In  multiplication  by  i3- 
figure  numbers  or  larger,  need  we  presuppose  a  tabic  extending 
beyond  10x10  in  order  to  explain  the  actual  achievements  of 
known  calculators?  Must  the  calculator  enlarge  his  table  as 
Lh«  size  of  the  numbers  he  uses  is  increased,  or  does  he  simply 
depend  on  practice,  and  on  new  short-cuts  other  thau  enlarge- 
meut  of  his  nmltlplicatian  table,  to  extend  his  powers  and  in* 
crease  his  speed  ? 

Bidder's  answer  to  this  question  In  his  own  case  is  explicit. 
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He  says:'  "Now.  for  instance,  suppose  that  I  had  to  multtpP 
89  liy  73,  I  sliottld  inHtantly  say  6,497;  if  I  read  tlie  figures 
written  out  before  me  I  could  not  express  a  result  more  cor- 
rectly, or  more  rapidly;  Ibis  facility  has,  however,  tended  to 
deceive  me,  for  I  fancied  that  I  possessed  a  multiplication  tibk 
up  to  loox  100.  and.  when  in  fiill  practice,  even  beyond  that ; 
but  I  wa»  in  error :  the  fact  is  that  I  go  through  the  entire 
operation  of  the  computation  in  that  short  interval  of  time 
which  it  takes  me  to  anuounce  the  result  to  you.  I  multiply 
80  by  70.  80  by  y.  9  by  70.  and  9  by  3;  which  will  be  the 
wbole  of  the  process  as  expressed  algebraically,  and  then  I  odd  . 
them  up  in  what  appears  to  t>e  merely  an  instaut  of  time."        ^M 

This  testimony  is  unequivocal;  Uidder,  as  Scripture  admits,  ^M 
certainly  did  not  have  a  multiplication  table  extending  beyond 
10  X  10,  yet  he  wax  able,  on  one  occasion  at  any  rate,  to  per- 
form a  12-figure  multiplication.  Furthermore.  Bidder's  calcu- 
lations were  so  rapid  and  automatic  that  be  was  himself  deceived 
in  this  matter,  and  thought  he  actually  had  such  a  multiplica- 
tion table  as  Proctor  attributes  to  him.  Even  if  we  grant  that 
wlieu  Didder  wrote  this  account,  in  his  50th  year,  hi.s  powers 
had  slightly  diminished,  with  the  result  that  his  calculations 
were  somewhat  les-s  automatic  than  in  his  youth,  it  is  clear, 
nevvTthcless,  that  even  in  his  prime  as  a  calculator  be  depended 
on  calculation,  not  on  a  memorised  multiplication  table  beyond 
10  X  10. 

What  shall  we  say.  now,  of  other  calculators?  Fuller,  the 
man  who  required  3  minutes  for  a  simple  calendar  problem, 
may  be  dismissed  at  once  ;  he  needed  no  enlarged  multiplica- 
tion table.  Buxton,  Scripture  tells  us.'  "preser\'ed  the  several 
processes  of  multiplying  the  multiplicand  by  each  figure  of  the 
lower  line  in  their  relative  order,  and  place  as  on  paper  unlllthc 
final  product  waji  found."  The  reference  for  this  passage  is 
not  given.  The  statement,  however,  is  diicdly  contradicted 
by  Buxton's  own  account  of  his  method  of  multiplication,  ac- 
cording to  which,  as  we  have  seen,  he  mulliplied  by  5.  then  by 
ao.  then  by  3  to  multiply  by  300.*  It  is  safe  to  omit  Buxton. 
therefore,  from  the  list  of  users  of  large  multiplication  tables. 
Colbum's  account  of  his  method  of  multiplication*  Is  almost 
identical  with  Bidder's,  and  leaves  no  doubt  that  he  multiplied 


'  Ptve.  Inst.  C.  £..  XV,  p,  156, 

*  Ofi.  cil..  p.  58.  Or  thit  nat«m«tit.  wllicb  ii  almott  certainly  in«or>] 
r«et,  Scriplnte  bases  bis  belief  [bat  tiuiloa  hnd  agood  "  t  magi  oat  ioii."T 
i,  t..  belou^jer!  to  llie  viiual  laeinoty  type.  I 

*Ia  thr  ligbt  of  tbis  example,  which  be  himself  quotes  (p.  48),  it  If] 
bard  to  aiidcrsIoDil  »liv  Scripture  thinks  (p.  46)  w«  can  pieanppoae  j 
Ibi  •nUrged  niultlplicatlou  tabic  Iti  the  case  of  Buxton. 

*M*m»tr,  pp.  189-191. 
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l<by  but  oti«  figure  at  a  tini«.     Moiideux,  we  are  toM,*  "actually 

[possessed  part  of  such  a  taSIc."     Here  again,  uu fortunately , 

the  reference  is  omitted     Tbeonly  statement  in  Cauchy's  report 

tbsit  looks  liice  a  rounciiition  for  tills  B.-uicrlion  is  thai  Mitndcux 

"knows  almost  by  heart   the  squares  of  all  whole  niinibera 

» tinder  loo."  Bui.  an  we  have  already  seen,  the  powers  of 
nnmbcrs  strongly  atliact  the  interest  of  the  calculator  at  an 
early  stage;  hence  iu  the  absence  of  other  evidence  it  is  not 
les<timale  to  infer  tlie  presence  of  a  complete  multiplication 
table,  or  any  essential  part  of  it,  from  the  presence  of  a  table 
of  squares.  Inaudi'it  methods  are  fully  described  by  Binet.  »nd 
»how  that  he  used  a  tabic  ext<.-iiding  only  to  lox  lo.  Dia- 
tuaodi  and  the  vouagrer  Bidder  used  CTOSS-multiplication.  and 
there  is  no  definite  eviilence  that  they  tised  more  than  one 
figure  at  a  time.  SafTord  fn  ch^scly  restmblcs  Bidder  and  Col- 
barn  that,  in  the  absence  of  evidence  to  the  contrary,  nc  may 
safely  assume  that  hix  method  of  ninlttplication  was  the  same 
as  thdrs.  Zancboni  did  not  possess  a  systematic  table  extend- 
ing  to  loox  loo.  though   he  knew  many  squares  and  a  few 

■scattered  products  beyond  loxio.'  Concerning  Ampere  so 
Jiltle  is  definitely  known  that  it  is  idle  to  speculate  abtint  his 
methods ;  but  this  is  hardly  a  proof  that  be  used  an  enlarged 
Diultiplication  table. 

There  reninin.  then,  only  Gauss  and  Dase,     It  must  be  ad- 
mitted that  these  men  maj'  have  used  enlarged  multiplication 
» tables  ;  the  assertion  cannot  be  disproved  on  the  ba-si.s  of  Avail- 
able evidence,  and  both  men  seem  to  have  excelled  practically 
all  other  calculators,     But  while  Gau!<s  undoubtedly  be^an  lu 
■'natural"  calculator,  he  aflerward^  also  used  logarithms  and 
tber  "  artificial "  methods  in  his  mental  calculations  ;  so  that, 
ven  if  we  grant — though  there  is  no  known  evidence  for  the 
lew — that  he  used  a  large  memorized  multiplicatioo  table, 
liis  case  aflfbrds  no  basis  for  inferences  concerning  the  procednre 
of  other  calculators  lens  gifted  tii.'kihcmatically.     Thus  the  case 
of  Doae  alone  among  the  "major  calculators"  remains  for  far- 
ther consideration. 

We  have  already  seen  that  in  rapidity  and  extent  of  calcula- 
tion Dase  stands  iu  a  class  apart.  It  would  therefore  be  unnfe 
to  say  dogmatically  that  his  methods  did  not  differ  from  those 
of  other  catculalors.  Even  in  his  case,  however,  the  ordinary 
methods  are  sufficient  to  explain  all  his  feats,  without  recourse 
to  theextended  multiplication  table  theory.  Inandi  could  per- 
form  a  s-fignrc  multiplication,  by  the  ordinary  method,  io  a 
seconds,  the  partial  products  involving  6  figures,  or  at  the  rate 

'  Scrlplatr,  of,  eit.,  p.  46. 

•JPif.  ffi^.  rfi  /-'rfii.,  XSIII,  1897,  p.  4it. 
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of  iSo  fistires  of  partial  [m>duct  per  minute.     Dasc  required 
54  secoMS  for  an  8-figurc  multiplicatioti,  with  not  more  ib 
73  fifcures  of  partial  product,  or  80  figures  per  minute,  a  fslliai 
off  of  about  55%  from  lunudi's  speed  in  th«  shorter  operaiio; 
For  any   other  calculator  a  much  jcrvater  falling  off   woiil 
naturally  Ik  cxpectcti ;   hut  in  a  40-figuTc  multiplication,  per- 
formed in  40  miuutcii,  Dase  was  able  to  maintain  a  speed 
41  figures  of  partial  product  per  minute,  and  in  a  loo-figu 
multiplication  a  speed  of  about  30  figures  per  minute,  in  cou- 
plete  defiance  of  the  rules  that  hold   for  other  calcatatort.'. 
Hence  even  if  we  grant  that   Dnse  <livided  the  numbers  into 
3-6gurc   periods,   he   may  well  have  multiplied  within  those 
pertodfl  by  the  ordinary  method,  without  having  recourse  to  a 
table  larger  than  lox  10. 

There  is  no  warrant,  then,  for  supposing  that  any  of  tb 
prodigies  except  Gauss  and  Dase  used  a  multiplication  tabli 
larger  than  that  of  ordinary  mortals;  and  even  in  these  two 
ca.se.<i  there  is  no  direct  evidence,  only  a  bare  pos.-<ibility;  all 
their  known  feats  are  explicable  on  the  supposition  that  they 
used  the  small  tables  of  Bidder,  Inaudi,  and  the  rest.  We  uukf 
therefore  dismiss  the  theory  of  enlarged  multiplication  taUa, 


I 

a- 

le 
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'Is  Binet'a  tests  Inuudl  ncKormed  r  3-tigur«  mnltiplieation  ia  ) 
secoods,  3-fi^UT(.'  lu  6.4MCOii<t*,  4-figur«  (tlic  limit  of  his  onlinary  ilage 
exhibilious)  iu  11  secoDda,  S>figute  iti  jo  seconds,  but  ^-fitturt:  m  4  mlti- 
ute*.  or  a4oaeciin(9B.  This  saddcu  increase  tu  the  lime,  6  time*  aa  loog 
for  6  figures  at  for  5  Sgutes,  seam*  to  Indicate  tbnt  ia  passing  from  5 
to£  S];<>r**  laaudi  exceecled  the  limit*  of  bis  oidiaary  pracltcc,  and 
b«caiii*  coafuaed.  Bidder  {Proc.  Insl.  C.  £.,  XV.  p.  156)  sugKMta 
that  in  eaaea  wberc  the  niultiplicAtxl  coutnlns  the  Miue  number  of  fig- 
ure* ■■  the  multiplier,  tlie  difBculty  should  incicasc  roughly  at  Ibe 
loiiTtb  power  of  the  number  of  figure*  in  tlic  niutlipIiiM,  since  Ibc 
numlier  of  parliftl  proiiurt  I'lKurcs  Involved  lncrcH»e»  at  the  tiqnarc  ol 
tbe  number  of  figures  iii  the  multiplier,  while  Ihe  difficnlty  of  remen- 
bcriii]i;  the  larger  numbers  nlso  increases  rooghly  ns  the  Mguare  of  tb< 
number  of  figures  ill  the  multiplier.  On  this  butis,  tbe  time  for  6  fig- 
ures ought  to  be  shout  twice  as  long  as  for  $  figures,  whereas  with  In- 
•ndi  It  was  6  time*  as  long,  or  3  times  the  theoretical  speed.  Ia  Date's 
case,  however,  tbe  results  sie  all  in  the  other  direction.  In  pataing 
from  S  figures  to  40  G);ures  bis  time  increased  only  about  44-fold,  or 
1*14  the  tlieoreiical  increase (615  times);  and  in  passing  frtim  40  lijiures 
to  100  figures  tbe  increase  Iu  time  was  ouly  13  iiiMeM  of  .)<)  times,  or 
%  what  we  should  expect  on  Bidder's  theory.  Of  course  these  com- 
pariton*  cannot  pretend  to  be  exact:  still  tbcy  arc  tnlcrdtiiii;,  as 
showing  bow  Httle  Uatc's  powers  were  strained  by  increase  in  the  siie 
of  the  nnmbcT*.  Nowbeie  in  his  calculations  is  there  bqj  indication 
of  such  confusion  as  overcame  Insudi  in  pDMtng  from  j  ngnte*  to  6 
figures.  Iu  fact,  wc  may  well  suppose  that  only  phyi^ical  fatlgae 
could  limit  the  extent  of  Dase's  cilcutatlons  in  a  single  sitting.  If  he 
ccnlil,  like  Buxton,  after  a  night's  rcil  resume  his  work  where  be  left 
oS  on  the  previout  day.  It  is  saffc  to  assume  that  even  a  aoo-fignrc, 
mnltiplieation  would  hardly  have  been  beyond  his  power*. 
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at  least  UDlil  its  advocates  have  brought  forward  further  and 
more  definite  evidence  than  any  that  has  yet  been  produced. 

Ftutoring  vfog  a  favorite  problem  with  0>1burn,  Bidder,  and 
Safford;  none  of  the  others,  however,  are  kuown  to  have  ex- 
plored ihi»>  field,  Colbiirnnnd  Bidder,  and  doubtless  Safford ' 
as  well,  used  a-figur<^  codings  in  solving  problems  of  this  class. 

We  have  seen  that  i^uare  and  cube  tvol  problems  were  favor- 
ites with  several  of  Ihc  proiligies.  Here,  as  in  mnllipltcation. 
Dase  towers  above  all  the  rest:  be  could  extract  the  30-figure 
■tquare  root  of  a  6o-figore  number  in  an  "incredibly  short 
time,"  and  the  5o-&gurc  square  root  of  a  loo-figurc  number 
,  in  52  minutes.  His  method  was  probably  similar  to  the  or- 
dinary written  method,  bnt  with  the  short-cnts  Kngge»tc-d  by 
his  great  familiarity  with  large  numbers.  Whether  he  found 
part  of  the  numbers  by  ^mple  division,  or  preferred  to  continue 
bis  approximations  in  the  ordinary  way  to  the  end  of  the  proc- 
ess, is  not  known.  He  was  a1mo.<Jt  certainly  acquainted  with 
some  of  the  properties  of  2-figuie  endings.'  and  may  have  used 
them  io  finding  the  roots  of  small  numbers.     More  probably, 

>  The  CTlftcDce  in  SHdord'scsae  law  follows;:  (1)  Tli«  geaeral  tiimt- 
lArltylMtwecn  Safford OD  the  ont  taBad.andColbaro  and  Bidder  on  the 
other.  All  ttaiee  speciaUxed  '\a  evolution  and  facto(iD{[.  wh«rc  i-fif{UTC 
■adlanarc  pcculinily  belpful;  CoUiuni  and  Bidder  tell  u«  cxjilkitty 
tbat  they  nicH  there  eadiags;  Ucticc  It  i*  probuble  that  Safioid  did 
b1»o.  (3)  Saffoid  cxtinctcd  the  cube  root*  of  tbrce  7-ti}{Utc  number* 
"ioMantty."  Now  the  emliUK  method  It  inaiautaneout  for  numbers 
ap  to  9  figure*,  and  ii  the  only  kaowa  mctboil  thnt  i«  InHtanianeoni. 
(3}  When  asked  the  cube  root  of  5.733. fiys,  he  nniwered,  "155.  i»  it 
not?"  ¥>b«rea*  In  the  cam:  of  tiumber*  not  eaiUnK  Mrdh  5  hii  anawcra 
vrvtti  categorical.  Now  for  must  odd  eudingi  tbere  is  unly  one  possi- 
ble cube  root;  bat  for  the  ending  75  there  ta  u  choice  between  15,  a, 
SS,  75.  atid  95,  A  alight  hpsltatioa  l>etwc«a  135  aud  155.  or  155  anil  175, 
wontd  therefore  be  natnial  if  he  depended  un  the  ending  primarily, 
whcreA*  if  be  dcpendetl  on  nieniarixation  of  other  cobca.  or  direct  cu- 
culailon,  mu1il)>lcR  ol  j  would  be  uobardtr  than  other  nuniticrii. 

'Tbe  evidence  In  Ihi*  caw  i«  that  Dnse  wus  fond  of  finding  51b  pow- 
era,  bccanae  tbe  lost  figure  vss  alway*  the  sanie  iu  llie  Jth  power  a* 
In  the  KiTcn  namhcr.  (Gauia-Scbamacbcr  Btiffwtchsfl.  V.  p.  j8>.) 
Now  the  5th  power  alto  has  the  property  that,  in  many  ca«es,  the  laat 
figore  alone  of  the  t[iven  namber  determines  the  Init  tmo  Ggurei  of 
the  5th  power.  Any  one  who  had  found  5tb  power*  often  cDouj(b  to 
■C<luire  a  preference  for  them  conld  faaidly  fall  to  note  thiK  properly, 
wbidt  in  tarn  might  easily  lend  to  the  discovery  of  tbe  propertiea  of 
toth  and  3o<h  powers,  copceially  since  loth  and  mlh  powcn  are  b1m> 
tbemselvr*  stb  powers.  But  »ince  Ht  the  lath  p<iwcr  tbcrc  are  only 
four  posaible  endiuK*.— 00  for  namber*  cndinK  with  o,  ij  fo'  nuniliera 
aadluK  with  j,  a\  (or  all  other  odd  uuml>ers.  and  76  lor  all  other  even 
number*. — and  aince  after  the  lotb  power  tbe  cycle  of  euding*  re- 
peats,— tbe  Hat  power  ending  lieing  oaaally  the  same  as  tbe  lat,  the 
atiid  always  the  anme  aa  the  jnd,  etc.,— tbe  piopcrtiea  of  the  whole 
cycle  arc  readily  investigated,  and  would  be  almost  eertajn  to  attract 
tbecalcnlaior'a  attention,  aa  >oon  a*  be  had  become  really  interested 
in  stb  power*. 
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liowever,  be  koevr  by  heart  the  squares  of  all  nambcrs  at  Ics: 
up  to  loo.  in  which  case  2-fifi;ure  endings  would  be  of  less  use 
to  bim.  Id  dvallng  with  nutnbersof  60  or  100  fignres  tbejr 
n-uuld  be  practically  useless,  for  the  reason  that  where  tbe 
given  number  is  ns  loiiR  as  this,  it  is  usually  selected  by  the 
questioner  at  random,  rather  than  foimrd  by  laboriously 
xquariutt  a  large  number.  Hence  tbe  given  number  will 
mrcly  be  a  perfect  nquore,  and  the  method  nf  endings  will  not 
give  even  the  last  two  or  three  figures.  Whether  it  can  be 
uKd  at  any  of  the  intermediate  stages  of  the  work  is  doubtful.' 

Host  of  the  other  prodigies  who  have  made  a  specialty  of 
square  and  cube  root  problems  cither  depended  on  2-figure  eod- 
iDgs,  resorting  to  guess  and  trial  when  the  given  numbers  were 
not  perfect  M]uarcs  or  cubes,  or  else  kept  in  mind  the  squares  and 
cDbesofmnny  or  moMof  theuumbersupto  looorbeyotid.  Such 
methods  K'ould  work  fairly  wdl  when  tbe  root  oontflinc<l  not 
more  than  jor  6  figures.  Answerscan  be  obtained  "instantly. " 
however,  only  by  the  method  of  euJiiigs.  and  even  by  that 
method  only  when  th<:re  are  not  more  than  3  figures  in  the 
root:  though  the  melhod  might  be  made  "instantaneous"  for 
4-figurc  roots  of  exact  squares  and  cubes  if  the  calculator  had 
committed  to  memory  the  squares  and  cubes  of  all  aumbera 
under  100. 

Inasmuch  as  the  part  played  by  3-6gure  endings  has  hitfa' 
been  little  reeogniied  by  students  of  the  mathematical  pro<li' 
gies,  it  seems  worth  while  here  to  determine,  if  possible,  just 
how  widely  they  were  used  by  the  different  calculators.  Col- 
bum.  Bidder.  Safford,  Zancboni,  and  tbe  pre.sent  writer,  we 
have  seen,  used  them  more  or  less  freely.  There  is  some 
evidence,  not  conclusive,  however,  that  D.ise  was  familiar  with 
their  properties  The  daughter  of  the  Countess  of  Mansfield 
extracted  rea<iily  the  square  and  cube  rootsof  9-figure  numbers, 
and  may  have  used  this  method.  Gaus.s  was  familiar  with 
many  propositions  in  number- theory,  of  which  the  properties 
of  2-figUTe  endings  are  only  special  cases;  it  would  hardly  be 
safe  to  infer,  however,  that  he  used  these  properties  extensively 
in  his  mental  calculations.  A  bare  possibility  cxibts  In  the  case 
of  one  or  two  other  cal^;lllator^ — Mondetix,  for  iusilance — that 


bera^ 

eito^l 
o<li-| 
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■John  Wallis  (1G16-170J).  accanliDi:  10  letter*  of  hi* reprinted  In 
Ciatsioil  Journal,  XI.  1B15,  p.  179,  and  in  tbe  S^efalor,  1,11,  1S79, 
II,  exlrscli-d  the  xiiisre  root  of  j. 00000,00000, ooooo,<ioooo,0000o.ooooov 
ocxioo.ooooo  mrutully.  aurl  on  HOOtber  occasion  tlic  aquare  roM  o(  •  53- 
fi)[Dre  number.  Tbi;  third  iiguic  of  the  fitit  answer  i»  wrongly  (tiven 
in  bulh  Jourtiali  at  ?  luitcad  of  y.  ae  the  next  jt  or  4  (if;ui«s  are  eor- 
rect,  hi>¥rCT«r.  for  ^/],  the  ccror  it  probably  onl)' typoj^ropbicnl.  In 
the  Sfitttabir  the  fint  problem  ti  wrooKly  givnn  a*  30000.  etc..  indcad 
ol  j.ooooo.  «ic.  Sciiptuic  (0/.  til.,  p.  38)  Carrie*  OT«f  botli  error* 
from  tbe  Sfftlalor  without  comment. 


^THSMATICAL 


suts. 


I 


I 


I 


I 


the  properties  of  the  endingit  n-ere  more  or  less  fully  known. 
Witbout  seeking  to  exaggerate  the  importance  of  these  end- 
ings, therefore,  wc  may  .s-tfely  say  that  of  the  calculators  ve 
have  studied,  about  one  in  cv'cry  four  was  fnmiliar  with  them. 
Their  importance  for  us  here,  however,  is  rather  as  au  illustra- 
tion of  the  sort  of  numerical  symmetries  aud  properties  which 
arouse  the  interest  of  the  calculator  than  as  new  and  valuable 
diMroveries;  in  &cl,  from  the  mathematical  standpoint  they  are 
trivial  and  of  very  limited  interest.  To  answer  qumtions  in 
evolution  and  factoring,  the  mathematician  would  turn  lo  bis 
tables  of  factors  or  roots,  or  to  a  logarithm  table;  he  would  re- 
gard the  properties  of  the  mathematical  prodigy's  j-figurc 
endings  as  animportaut  special  cases  of  more  i^eneral  proposi- 
tions in  the  thcor>'  of  numbers.  Up  to  the  present  time,  then, 
these  endings  are  of  merely  curious  interest  except  in  connec- 
tion with  mentiil  calculation :  though  it  i.tconc<^ivab1e,  of  course, 
tbat  if  a  new  and  comprehensive  theory  of  their  properties 
were  worlced  out,  it  might  find  a  subordinate  place  iu  the  theory 
of  numbers.' 

It  will  be  noted  that  the  term  "ending"  has  been  used  in 
the  present  paper  as  a  synonym  for  "2-figurc  ending,"  the 
jmplicatton  being  that  no  other  kinds  of  endings  are  of  im- 
portance in  mental  calculation.  It  is  easy  to  see  why  this 
should  be  so.  The  properties  of  i -figure  endings,  or  last 
Hgures,  are  so  simple  that  mauy  of  them  are  familiar  lo  the 
averagr  schoolboy,  and  they  tell  so  little  about  the  answer  lo  a 
given  problem  that  their  utilily  in  menial  arithmetic  is  negli- 
gible. To  study  3-figure  ending:^,  on  the  other  hand,  wonld 
involve  a  large  number  of  3-(igure  multiplications;  so  that  here, 
&9  in  the  case  of  the  multiplication  table,  if  the  endings  are 
used  al  all.  the  use  of  the  smaller  (3-figurc)  endings  becomes  a 
fixed  habit  long  before  larger  ones  could  be  of  any  real  use. 
The  only  known  exception  occurs  where  the  given  power  eods 
with  5;  in  this  case  there  is  an  unusually  large  number  of 
possible  roots,  and  in  seeking  for  some  way  of  choosing  be- 
tween tbem,  some  of  the  calculators  (Bidder,  for  example) 
aoted  what  2-figure  roots  corresponded  to  the  various  ^-figure 
endings  for  multiples  of  5.  It  is  obvious,  however,  that  the 
use  of  3-figuTc  endings  In  this  exceptional  case  would  not  war- 
rant the  infereuce  tbat  they  were  used  in  any  other  case;  and 
Bidder's  testimony  .shows  clearly  that  he,  at  any  rate,  made 
00  further  use  of  them. 

'In  one  »cn»c.  however,  these  enilingB  may  be  resardetl  ai  the  prop- 
cnic*  or  (uticlioon  of  iiumbcra  analoxoii*  t°  ]of;nritbm!i,  Bad  previotlB- 
ly  unkDOMii  to  umtbecukticiauB,  wblcb  *onic  writer*  Riigx«Meil  might 
explaia  Colbum's  rapidity  in  calcalatiou.  eipecially  in  evolatioa  and 
factoring.  (PAil.  mag.,  XU  iSij,  p.  i3j;  Amaltdie  Sfag..  I.  1813, 
p.  laS,) 
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M«n)-  simple  aige^aie  pro^Umt  were  solved  mentally  by  i. 
diRerent  calculators.  Those  who  bad  a  general  matheinati 
traiuinK  of  itome  son — Ferrol.  SaSurd,  and  Gauss,  for  cxai 
pic — doubtless  solved  these  problems  by  algebraic  methods. 
Many  of  the  others,  however,  depeiided  on  ^mple  trial,  or  on 
little  tricks  which  are  icadily  discovered  for  ccnain  classes  of 
problems,  and  need  not  be  dwelt  on  here.  It  is  safieftt  to  assume 
that  the  method  wasone  of  simple  trial  in  all  cbms  where  th< 
is  not  definite  evidence  to  the  contrary. 

Bidder's  method  of  solving  (omp^und  interest  probletiu  h. 
already  been  dcwrribed.  In  this  particular  branch  he  see: 
never  to  have  bad  a  rival. 

Arithmetiad  Assoeiation.  Under  thi*  caption  Scripture,' in 
part  following  De  Morgan  and  others,  has  given  an  acoouut  of 
some  of  the  waya  in  which  the  psychological  processes  of  men- 
tal calculation  can  be  shortened.  He  points  out,  in  particular, 
that  with  practice  the  mental  calculator  can  easily  train  him- 
self to  omit  useless  words,  and  think  only  of  the  numbcri  con- 
cerned; thus  instead  of  saying,  "3  and  4  are  7,"  "3  times  7 
are  21,  put  down  i  and  carry  2,"  and  the  like,  be  can  learn  to 
say  simply,  "3,  4.  7,"  "3,  7,  21,  1,  3."  etc.  As  Dc  Morgan 
expresses  il,'  "Don't  iay  'carry  3,'  but  do  it."  It  is  evident, 
further  more,  that  as  the  process  gradually  becomes  more  and 
more  familiar  and  automatic,  many  of  the  intermediate  steps 
of  the  computaiion  may  partly  sink  into  the  background  of 
consciousness,  perhaps  even  disappearing  altogciber  from  the 
field  of  attention;  thus,  as  we  have  already  aeen,  the  ioierme- 
diatc  links  in  Bidder's  2-figure  multiplications  were  at  one  time 
so  completely  automatic  that  he  believed  they  were  altogether 
absent,  and  supposed  he  possessed  a  multiplication  table  ex- 
tending to  100  X  too  or  even  beyond.  Moreover,  where  the 
given  numbers  are  familiar,  only  part  of  a  number  may  be 
clearly  conscious,  e\-en  when  the  whole  number  functions  in 
the  calculaiiou.  Thus  in  the  present  writer's  case  the  ending 
of  a  nnml>er  may  for  many  purposes  completely  replace  the 
□umber  itself.  A  further  abbreviation  which  may  be  tioted  is 
that,  in  the  case  of  an  auditory  calculator,  auy  chance  visual 
associations  which  may  be  present  in  the  early  stages  of  bis 
calculations,  but  which  play  no  active  part  in  them,  may  grad- 
ually drop  out  as  his  skill  increases.  The  same  thing  may 
happen,  in  certain  cases,  with  the  associated  motor  tendencies, 
if  they  are  not  too  strong.     These  psychological  short-cnts,  in 

^Op.cil..  p.  4itr. 

^hUments  0/  Arilhmftic.  Loudoa,  :956,  p.  164.     In  this  wort  (pp. 
t6l-S)  will  be   found  a  very  c lex r   accoaut   of  the   natural   connttnfl 
ptocMa,  with  same  of  its  modiScatioa*  and  short-cats,  by  which  tbtj 
"natural"  mental  calcvlator  ia  developed. 
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connection  with  tbe  mathematical  shorl-cuta  to  wbicli  we  have 
already  referred,  ex[>Uin  the  great  rapidity  attained  by  some 
of  Ibc  prodigies  in  their  mental  operations. 

A  cenain  amount  of  caution  is  ueceicnry.  howe\-er.  In  at- 
tributing these  various  shortcuts  to  individual  calculators, 
except  where  we  have  their  own  explicit  testimony  as  a  check. 
Bind  was  able  to  establish  that  Inaiidi.  in  his  mental  multipli- 
cations, made  little,  if  any,  use  of  these  short-cuts;  and  simple 
repetition  of  the  unabbreviated  calculaliuus  will  produce  a  cod- 
sidcrablc  increase  of  speed  without  further  aid  in  the  way  of 
mathematical  or  even  psychological  short-cuts  of  the  son  just 
described.  Wc  have  .teen  how  little  ground  there  is  ibr  attribu- 
ting extensive  multiplication  tables  to  most  of  tbe  prodigies; 
yet  some  writers  have  supposed  that  this  was  the  simplest,  if 
not  tbe  only,  explanation  of  the  speed  with  which  many  of  the 
prodigies  could  calculate.  In  theory,  there  is  no  deiinite  limit 
to  tbe  9hort~cuts  possible  in  mental  calculation,  and  it  is  evi- 
dent that  iu  the  case  of  such  a  man  as  Oase  a  good  many  of 
tbe.te  short-cut.t  must  be  actually  realized  in  practice;  at  the 
same  time,  it  is  not  safe  to  attribute  any  particular  short-cut  to 
a  given  calculator  unless  specific  evidence  is  at  hand  that  he 
actually  used  that  particular  method  and  not  some  other 
equally  rapid. 

Afemory.  (a)  Memory  versut  CaUuia/Un.  It  has  become 
customary,  in  the  literature  on  mathematical  prodigies,  to  dis- 
tinguish more  or  le-is  shaiply  the  parts  played  by  memory  and 
by  calculation  proper  in  the  various  operations,  especially 
where  the  numbers  dealt  with  are  very  long.  Bidder  tells  ns 
that  oDly  the  limits  of  bis  memory  would  stand  in  the  way  of 
performing  immense  calculations  in  an  incredibly  short  time. 
Buxton  was  exces.tively  slow  in  calculating,  but  had  such  a 
tenacious  mcniory  that  he  could  work  on  a  problem  for  weeks, 
and  90  solve  almost  any  problem,  long  or  shoit,  that  happened 
to  arotiw  his  interest.  Dose,  according  to  this  view,  differed 
from  ordinary  mortals  mainly  in  the  possession  of  a  wonderful 
memory;  bat  as  far  as  the  calculation  proper  is  concerned,  we 
have  the  authority  of  Gauss  for  the  statement  that  Dase's  loo- 
figure  mental  multiplication,  which  required  8^  hours,  could 
be  done  oa  paper  in  perhaps  half  the  time  '  This  view  implies, 
then,  that  the  processes  of  the  calculator  in  a  vcr>-  long  mental 
multiplication  are  essentially  the  same  as  in  a  very  short  one, 
being  in  either  case  substantially  those  of  written  multipllca- 
tioo;  in  other  words  that  the  work,  computed  bit  by  bit  in 
tbe  long  as  in  the  .short  multiplicntiun,  is  retained  in  the  mem- 
ory in  a  more  or  less  isolated  and  mechanical  fashion,  just  as 


1  CauM-Scbumacbef  Brit/arecMstl,  V,  p,  197. 
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on  paper  the  partial  proditctH  are  first  eomputed  and  recorded, 
fignrc  by  figure,  and  then  nddcd.  Practically,  then,  the  vi«w 
is  a  sort  of  coinmon-seose  faculty  psycholoRy,  seelciug  to  jus- 
tify itself  by  pointlii);;  to  the  diSfereace  Id  speed  tKtwecn  mental 
and  written  multipttcstion. 

Now  it  can  hardly  be  questioned  that  the  mathematical 
prodigy's  figiue-memoiy  is  superior  to  the  ordinary  man'ii. 
Dealiug  constHotly  with  SgUTe;;,  the  mental  calculator  learns  to 
MSiniilate  them  readily.  A  ao-fisnre  aumtwr.  which  for  most 
of  us  is  a  meaningless  string  of  figures  devoid  of  interest,  for 
him  "makes  sense."  and  so  is  eaxy  to  learn,  just  as  a  pAf;e  of 
French  is  more  easily  learned  by  a  Frenchman  than  by  a  ior- 
eigacr  who  knows  little  or  nothing;  of  the  language.  Hence 
we  may  safely  assume  that  the  calculator's  GguTe-memory  will 
outstrip  his  powers  of  calculation  ;  that  is  to  say,  by  the  time 
he  can  mentally  multiply  two  6-figure  numbers,  let  us  say,  he 
wilt  have  little  or  no  trouble  in  remembering  almost  at  a  glance, 
OT  after  a  single  hearing,  two  numbers  of  7  or  8  figures  each. 
Thiii  Is  on  the  supposition,  of  course,  that  he  has  never  ]>rac- 
ticcd  remembering  long  numbers  merely  for  their  own  sake: 
we  must  here  distinguish  those  calculators,  like  Zaneboni,  who 
were  fond  of  committing  .statistics  or  very  long  numbers  to 
memory  without  any  immediate  intention  of  usiug  these  nom- 
ber^  in  mental  calctilations,  from  those  who  made  no  effort  to 
develop  their  memory  for  figures  except  in  the  service  of  cal- 
cnlation. 

The  question  is,  then :  Will  special  practice  id  meraoriztng 
numbers,  apart  from  their  use  iu  calculation,  extend  the  powers 
of  the  prodigy  iu  catculatiou  projwr?  In  other  words,  docs  he 
use  the  same  maihematical  and  psychological  processes  in  a 
long  multiplication  as  in  a  short  one,  exct:pt  that  in  the  former 
he  stops  every  now  and  then  to  deposit  some  of  his  partial  re- 
sults temporarily  in  his  memory,  later  returning  and  pickinsi; 
them  up  iu  order  to  unite  thera  into  a  final  result  ?  In  written 
arithmetic  we  compute  a  series  of  partial  results,  register  these 
results  on  paper  at  each  stage,  aud  later  come  back  to  unite 
them,  by  a  separate  operation,  into  the  total  product ;  is  this 
the  general  scheme  of  mental  multiplication  also? 

It  would  perhap.4  be  unaafe  to  answer  this  quesrion  dogmati- 
cally in  the  negative :  at  the  same  time,  we  should  have  to 
distinguish  as  au  "artificial"  calculator  anyone  who  proceeded 
In  this  way.  even  granting  that  it  has  ever  beco  done,  which  is 
not  knon'n  to  have  been  the  case  with  any  recorded  prodigy. 
We  have  already  seen  that  both  the  mathematical  and  the  psy- 
chological processes  involved  in  mental  multiplication  differ 
considerably  from  those  of  written  multiplication.  Moreover, 
the  two  have  quite  distinct  origins;  mental  arithmetic  grows 
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naturally  uod  itidepeiidently  ont  of  counling,  written  arJtbinctic 
out  of  more  or  less  arbitrary'  rules  learned  from  teachers  and 
books.  Any  arKument  based  on  the  niell)od.i  of  writteu  mul- 
tiplication, therefore,  or  on  the  diRercnce  in  speed  between  the 
two  dissimilar  operations  of  mental  and  written  arithmetic, 
must  be  accepted  with  coDslderable  caution.  The  fact  that  on 
paper  the  computing  and  the  recording  are  two  distinct  opcra- 
tioDS  does  not  prove  that  in  mental  arithmetic  memory  and 
calcnlation  are  two  separate  faculties,  and  that  when  the  num- 
bers to  be  multiplied  are  very  long,  the  difficulty  is  all  on  the 
side  of  memory  and  not  at  all  on  the  ildt  of  calculation. 

K%'cn  in  Buxton's  case,  where  the  discrepancy  bctwecu  mem- 
ory sod  calculatintc  pon-er  seem»  aa  clear  aa  anywhere,  we 
csDDOt  give  the  credit  to  memory,  as  opposed  to  calcnlation. 
Buxton's  calculations,  to  be  sure,  whether  long  or  short,  were 
exce.ssively  aiovi;  but  w  was  bis  memory  (in  tbe  sense  of 
power  of  acquisition  of  6gurcs) :  we  arc  told  that  he  compre- 
beoded  even  (simple)  arithmetical  questions  "not  without 
difficulty  and  time."  '  Like  Bidder  and  many — perhaps  most 
^-olhcr  calculators,  he  began  work  at  the  left  of  the  numbers, 
adding  up  the  partial  products  as  he  went  along,  and  not  wait- 
ing until  all  were  obtained.  Moreover,  we  have  seen  fairly 
good  reasons  for  supposing  that  he  worked  by  ft  process  of 
modified  counting,  rather  than  by  multiplication  proper,  divid- 
ing tbe  work  into  Htages  in  hi.t  own  peculiar  way,  but  for 
tbe  most  part  keeping  in  mind  only  one  or  two  partial 
results,  and  using  them  in  calculation  as  soon  as  possible. 
This  means,  however,  that  his  prooesaes  in  a  long  multi- 
plication were  not  simply  the  same  as  in  3-figure  mul- 
tiplications, plus  a  tenacion.s  memory;  be  really  ca/eu- 
laUd  with  tbe  large  numbers,  and  in  dealing  with  them  doubt- 
less used  some  special  short-cuts,  though  far  fewer  than  most 
other  calculators,  In  short,  he  really  was,  in  bis  way,  a  "great 
calculator,"  not  a.  "little  calculator"  with  a  "big  memory." 
He  calculated  with  large  numbers  because  they  had  an  interest 
and  a  meaning  for  him  which  they  have  not  for  the  ordinar>' 
man.  Tbe  difTcrence  between  the  mau  who  can  unravel  a  half- 
page  sentence  of  technical  German  and  the  one  who  can 
scarcely  nnderstand  a  two-line  sentence  is  not  primarily  a  mat- 
ter of  memory,  but  of  interest  and  meaning  ;  and  the  same 
holds  good  of  the  calculator  who  handles  large  numbers,  as 
compared  with  tbe  one  who  does  not.  Zaneboni  had  an  unu- 
sual interest  In  memoriKing  figures  for  tfaeir  own  sake,  and 
Inandi  had  a  highly  developed  figurc-memorj'.  yet  wc  do  not 
read  that  these  men  made  a  specialty  of  long  multiplications; 


* 


■Cm/.  Mag..  XXIV,  1754,  p.  iji. 


Il8 


HITCBBU, : 


their  figure- memory  as  nuch  and  their  figure-memory  u  iiiib- 
servicut  to  their  interest  in  cnlcntattoD  were  quite  distiiict. ' 

We  cannot  agree  with  Binet,*  therefore,  that  mental  calcula- 
tion combines  the  two  distinct  and  independent  elements  of 
memory  and  calculation,  of  which  memory  is  really  distinctive 
in  the  case  of  the  great  calcnlators.  the  one  characteri^ic  in 
virtue  of  which  thvy  arc  inimitable  snd  indefinitely  superior  to 
the  rest  of  mankind.  Inaudi.  to  be  sure,  was  inferior  to  the 
depairtment-siore  cashiers  on  short  multiplication!;,  because  be 
had  not  practiced  them  as  much  as  his  rivals  had ;  but  bia 
superiority  in  long  multiplications  Ls  equally  due  to  practice  tn 
calculation,  not  to  superior  memory  as  such.  Some  of  his  cal- 
culations were  slower  than  those  of  a  good  computer  on  paper, 
others  were  faster ;  hut  the  mental  and  even  the  matbematlcal 
processes  arc  so  different  in  the  two  cases  that  no  value  attacbes 
lo  the  comparison.  Hi&  <ikill  in  memoiizing  long  numbers  was 
the  result  of  practice,  perhaps  in  the  service  of  addition,  per- 
haps for  its  own  sake,  but  was  not  the  secret  of  his  calculalioo. 
That  he  remembered  the  aoo  or  300  numbers  used  in  one  of 
bis  public  exhibitions  was  due  to  his  interest  in  the  figures,  on 
account  of  their  connection  with  his  calculations ;  where  that 
interest  was  lacking,  he  could  remember  only  a  third  as  many 
figures  in  the  same  period  of  time.  And  how  little  connection 
his  figure-mcmi^ry  had  with  his  calculations  proper  is  shown 
by  the  fact  that  when  he  exceeded  the  range  of  hts  practice  in 
ealctttalion,  and  passed  from  a  5-figure  to  a  6-figure  multiplica- 
tion, be  required  six  times  as  long, — a  result  inexplicable,  in  a 
man  who  could  retain  41  figures  on  a  single  hearing,  if  memory 
is  the  real  secret,  but  much  less  surprising  if  practice  in  calcu- 
lation is  the  important  thing.  In  short,  figure-memory  is  im- 
portant in  the  psychology  of  mental  calculation  only  In  so  far 
as  it  stands  in  the  service  0/ calcuiation  and  intimately  bound  up 
with  it ;  to  make  a  sharp  distinction  between  the  two,  and  lay 
the  emphasis  on  memory  as  opposed  to  calculation,  is  to  be  led 
astray  by  a  distinction  of  common -sense  psychology  whose  use- 
fulness has  long  since  been  outgrown. 

(i)  Meniory  type.  We  have  seen  that  up  to  1892,  when 
Inaudi  was  shown  to  belong  to  the  auditor)-  type,  it  was  gen- 
erally taken  for  granted  that  all  mnthematical  prodigies  were 
visual.     Of  tbe  two  importaat  calculators  since  discovered. 

'  Id  the  C8«e  of  long  addltioii*,  iucli  Mlnaudl'B  addltioaa  of  ll-fimr* 
nuDil>cri.  thc^difitiDction  between  mcmorj  >ti<1  catcnlatJon  nay  at  ant 
ecem  cleiirM  tliaii  lit  niulli plication.  ActuRny,  howerrr.  the  two  ar*, 
if  anrtliiugi  more  closely  coUDCctci  In  sdditioti  than  in  mQllipliCBlira; 
(or  thcc«lcuIaiioii  involved  i.i  so  sitnple  and  oulomatic  tbatil  probably 
slwaya  betfiiisduting  the  procesi  of  memorizjug   tti«  accoad  Biimber. 

*  op.  eii.,  p.  194, 
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Diamandl  is  undoubtedly  visual,  and  Zaneboni  is  so  described 
by  lh«  Btitliors  of  the  article  in  the  RMsia  di  Frcniatria ,  though, 
as  wc  shall  sec,  his  case  is  somewhat  doubtful.  Up  to  the 
present  time,  then,  Innudi  hax  been  .titi>p'>Ne(l  to  be  the  only 
non-visual  calculator  on  record  -,  no  one  seems  to  have  raised 
tbe  question  whether  all  the  supposedly  visual  calculators  act- 
ually were  visual  snd  not  auditory.  It  is  propoKd  here  to  make 
an  attempt  to  answer  this  question  ;  and  while  it  will,  of  course, 
not  be  po«iit>Ie  in  all  cases  to  reach  perfectly  definite  conclu- 
sioDS.  wc  can  at  least  make  a  start  in  tbe  right  direction,  and 
pat  the  whole  subject  on  a  more  satisfactOT>-  and  critical  basis. 

First,  however,  it  will  be  necessary  to  define  our  terms.  It 
should  be  understood  at  the  outset  that  no  absolute  line  can  be 
drawn  between  the  two  types.  In  ordinary  life  the  most  com- 
mon type  M-ouId  probably  be  the  "mixed"  type.  But  it  will 
be  impossible,  on  the  basts  of  the  available  data,  to  enter  upon 
this  question  of  the  general  memory  type  of  the  iHfTerent  calcu- 
lators. The  most  we  can  hope  to  do  is  to  determine  to  which 
type  they  beloiiRed  in  their  mental  eaUitlaftons;  and  while  it  is 
probable  that  this  will  usually  coincide  with  their  general  type, 
tbe  fact  can  by  no  means  be  taken  for  granted.  Fortunately, 
however,  it  is  much  easier  to  decide  In  a  narrow  field  than  to 
decide  the  general  question;  and  in  calculation,  especially, 
there  are  a  number  of  fairly  definite  and  reliable  indications 
wbkh  will  render  the  task  somewhat  easier  than  it  would  be  in 
many  other  fields. 

By  a  r//«a/calca)alor,  then,  we  shall  mean  one  Iti  whooe 
mental  calculations  visual  images  of  some  sort  play  an  essential 
part.  Auditory  elements  will  probably  always  be  present  be- 
sides, in  greater  or  less  degree  ;  but  if  the  visual  elements  play 
an  esMntial  rdle,  we  may  call  the  calculator  %'i.«ual,  since  any 
more  minute  classification  wonld  be  impracticable  without  more 
detailed  information  than  we  possess  concerning  tbe  individual 
men.  The  visual  elements  may  take  various  forms.  The  cal- 
culator may  see  numbers  as  dot-patterns,  as  Proctor  did.  He 
may  have  a  numl>er-form.  Or  he  may  see  the  figures  of  his 
calculations  written  or  printed  before  him.  more  or  less  dis- 
tinctly, bat  not  necessarily  in  complete  detail,  since  shon-cuts 
and  abbre%'lnt ion.-<  may  be  ct^nnected  with  visual  images  afi  well 
as  with  any  others.  In  other  words,  tbe  visual  image  need 
not  be  a  photographic  reproduction  of  the  complete  written 
calculation;  if  it  is  essential,  in  however  schematic  and  abbre* 
viated  a  form,  its  presence  is  the  mark  of  a  visual  calculator. 

Inasmuch  as  written  figures  are  the  commonest  form  of  tbe 
visual  image. — Proctor  is  the  only  calculator  known  to  have 
used  dots  in  bis  actual  calculations, — it  is  to  be  expected  that 
in  most  cases  tbe  visual  calculator's  methods  of  calcDlatiou  will 
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not  take  shape  uutit  alter  he  has  learned  to  write  figures.  Since 
the  visual  image  is  siuiultRneons.  while  the  auditory  image  is 
successive,  it  will  be  easier  for  a  visual  than  for  an  auditory  cal- 
culator to  cevene  his  image,  and  call  off  a  number  l>ackward«, 
Hence  the  ability  to  read  off  a  Dumber  from  memory  eitktr 
forwards  or  backwards  will  establish  a  presumption  iu  favor  of 
visiiiil  type.  This  is  not  a  conclusive  indication,  however, 
since  wiih  practice  an  auditory  calculator  also  could  learn  to 
revciAe  his  numliers,  especially  where  they  weie  short.  At  the 
same  time,  the  reversal  is  so  much  easi«  for  a  visual  thau  for 
an  audilbry  image  that  it  must  be  considered  as  eslahlLihtug  at 
least  a  presumption  in  favor  of  the  visnal  type,  especially  when 
corroborated  by  other  indications.* 

We  may  call  a  calculator  audUory  (or  auditorr-motor),  on 
the  other  band,  when  there  is  some  definite  reason  for  believing 
that  visual  images  do  not  play  an  essential  part  in  his  mental 
calculation,  or  that  motor  tendencies  are  closely  associateit  with 
it.  Visual  images  need  not  be  completely  absent,  especially 
in  the  early  years  of  a  precocious  calculator;  but  if  they  were 
present  at  the  start,  we  must  have  some  reason  for  believing 
that  they  became  unimpuriaiit  as  his  proficiency  increased. 
Similarly,  the  motor  tendencies  may,  with  practice,  partly  or 
wholly  drop  out;  but  in  this  case  they  wilt  tend  to  rclum  when 
new  and  nnpracticed  facts  are  attempted.  In  consequence  of 
the  verbal  nature  of  the  cohnting  process  in  wbicb  natural 
mental  arithmetic  begins,  it  is  hard  lo  conceive  of  a  visual 
calculator  in  whose  operations  words  (and  hence  auditory 
images)  do  not  play  a  part  of  greater  or  less  importance;  it  is 
much  easier,  on  the  other  hand,  to  conceive  of  an  auditory  cal- 
culator iu  whom  visnal  elements  are  almost  wholly  absent, 
except  in  the  form  of  an  occasional  chance  by-play  of  associa- 
tions which  have  no  essential  function  in  the  calculation  proper. 
If  this  is  the  case,  however,  it  constitutes  a  presumption  that 
any  given  calculator  is  auditory  unless  evidence  exists  to  the 
contrary,  and  throws  the  burden  of  proof  upon  the  visnal  side. 

The  most  definite  indications  of  auditory  type  are  as  follows: 
(i)  A  tendency  to  articulate  during  calculation,  especially  in 
relatively  unfamiliar  operations;  this  may  be  regarded  as 
practically  conclusive  evidence  of  auditory  (or  auditory- motor) 

)  CnrioQsIy  rnongh,  however,  we  have  iio  specific  record  of  the  poa- 
■eMioD  of  »uch  ■  power  of  reversing  numbeTs  by  either  Dianiandi  or 
the  younger  Bidder,  the  ouly  tno  cBlculatora  for  whom  we  bare  ; 
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fectly  definite  »nA  imeqaivociil  evjifence  ofvUual  type;  though  It  U 
-      -  ,t  ni.  ' 

•eree,  since  »fi 
to  ri|[bt  DC  conld.  with  little  difficulty,  repeat  them  ia  A«c«nding 


practically  ccrtiuti  that  ^iamandl,  at  any  rate,  potseued  the  power  tn 
•om*  d«|[ree,  since  after  leainiiig  a  square  of  figures  by  rows  from  left 
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(3)  Tlie  absence  of  any  indication  of  visual  elements  io 
the  prodigy's  mcnlftl  culcnlations.  Tbis  argnnient,  however, 
is  of  no  practical  weight  except  in  cases  where  wc  have  a  fairly 
(ult  account,  from  the  prodigy  hiEusetf,  of  his  methods  of  calcu- 
lation. Where  this  is  the  case,  it  is  fairly  safe  to  assume  thut 
at  least  some  of  (be  various  indications  of  visual  type  will  be 
present  in  the  narrative  if  the  calculBtor  is  really  vistinl.  Col- 
btiro  and  Bidder  are  the  only  men  who  have  left  us  such  narra- 
tives, and  ill  neither  case  do  we  find  any  reference  to  visual 
processes;  hence  a  strong  presumption  exists  that  both  these 
men  were  auditory.  (3)  General  resemblance  to  known  audi- 
tory calculators.  This  is  not  a  very  satisfactory  indication,  in 
general,  unless  the  resemblance  is  close  in  several  important 
reapecU ;  bat  iu  certain  cases,  owitifl:  to  the  meagreuess  of  the 
sources  of  information,  it  is  almost  the  only  indication  we  have. 
It  is  more  reliable,  of  course,  if  it  covers  several  indications 
which,  though  perhaps  each  inconclusive  by  itself,  may  have 
B  cumulative  weight. 

Let  us  now  examine  the  evidence  in  the  case  of  the  different 
individual  calculators,  in  each  group  taking  those  cases  first 
where  there  is  least  room  for  di&ereuce  of  opinion. 

As  ifimal  calculators  we  may  name  at  once  the  younger  Bid- 
der and  Dlaroandi,  both  of  whom  possessed  uumbcr-forms  and 
used  cross-multipHcation;  the  younger  Didder,  moreover,  made 
the  not  very  profound  observation  Uiat  be  could  "conceive  no 
other  (nou-visnal)  way  pu»tibte  of  doing  mental  arithmeiic." 
Diamandi  took  up  mental  calculation  after  leaving  school,  at 
the  age  of  16,  and  hence  after  learning  to  read  aud  write ;  the 
same  is  probably  true  of  the  younger  Bidder,  though  inasmuch 
as  bis  number-form  shows  the  inSiieuce  of  the  dock  in  the 
circular  arrangeuictit  of  the  numbers  up  to  12,  he  may  possibly 
have  learned  numbers  visually  from  this  sonrce  before  he 
learned  the  alphabet. 

Whether /}<u^  was  of  the  visual  type  it  is  difficult  to  say. 
He  mav  have  learned  to  read  and  write  before  he  began  to  c^- 
cttlale,  though  this  is  not  certain;  he  could  re|>eat  numbers 
backwards  with  great  ease;  he  could  learn  a  number  of  12 
figures  almost  at  a  glance  ;  and  his  skill  in  rapid  visual  count- 
ing wa-t  remarkable.  All  these  indica'.ions  point  in  the  visual 
direction,  yet  they  are  by  no  means  as  satisfactory  as  the  proofs 
in  the  other  two  cases.  We  have  already  seen  that  Da.4e  stands 
in  a  class  by  himself,  and  that  an  enormous  amount  of  practice 
is  presupposed  by  bis  feats,  whatever  his  memory  type ;  it  is 


'Be  BttetKled  Ktaool  at  the  we  ot  aji,  btit  »ttribul«il  bl*  »klll  iu  cal- 
cnUtion  to  later  practice  and  Mdudry  rather  than  to  hi*  earlj  acbool- 
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not  impossible,  therefore,  that  he  was  auditor}-,  since  with  suffi- 
cient practice  an  au<Iitor>'  calculator  could  team  to  reverse 
numbers  reitdily  and  to  count  objects  st  a  glance.  Robert 
Houdia  and  his  father,  we  know,  acquired  by  practice  a  con- 
siderable power  of  rapid  visual  counting.  Moreover,  it  does 
not  follow  that  a  raan  who  by  practice  has  developed  a  power 
of  visualization  in  this  field  will  likewise  use  visual  imafces  in 
menial  arithmetic,  especially  since  the  precise  amount  of  visnal- 
iziug  power  needed  for  Houdin's  feats  is  not  at  all  easy  lo 
determine.  But  in  order  lo  avoid  onc-side<iness  we  may  give 
the  visual  theory  the  benefit  of  the  doubt,  and  call  Dasc  a 
visual  calculator,  bearing  in  mind,  however,  that  the  evidence 
is  by  no  means  as  s3tisfactor>-  in  his  case  as  in  the  case  of 
Diamandi  or  the  younger  Bidder. 

The  case  of  ZancMfMi  is  likewise  somewhat  doubtful.  He 
began  to  calculate  at  the  age  of  t2.  after  learning  to  read  and 
write,  and  used  written  lists  in  some  of  hts  memory  feats;  he 
rIno  seems  to  have  made  more  or  less  use  of  visnal  images  in 
answering  questions  concerning  railway  distances  and  the  like. 
He  could  repeat  a  memorized  356-fignre  number  alnioM  as 
readily  backwards  as  forwards.  It  is  not  at  all  clear,  how- 
ever, to  ju^t  what  extent  be  nsed  visual  images  tn  his  mental 
calculation  proper,  as  distinguished  from  figure-memory  proper; 
and  in  the  experiments  of  Guicciardi  and  Ferrari  there  are 
some  indications  which  clearly  showa  leaning  in  the  auditory- 
motor  direction.  If  we  were  discussing  his  memory-type  in 
general,  instead  of  his  t}'pe  simply  in  calculation,  we  should 
undoubtedly  be  safe  in  describing  him  as  "mixed";  but  the 
definitions  we  have  adopted  of  the  terms  "visual  calculator" 
and  "auditor)-  calculator."  do  notadmitany  intermcdiatetype. 
since  we  have  agreed  to  call  a  calculator  visual  if  visual  images 
play  any  essential  part  in  his  calculations.  A  detailed  exam- 
ination of  the  available  data  concerning  his  type  as  a  calculator 
would  take  up  far  more  space  than  Its  importance  would  war- 
rant, and  even  then  would  leave  us  in  doubt  just  where  to 
place  him.  It  seems  wi.sest,  therefore,  to  give  the  visual  tbeofy 
once  more  the  benefit  of  the  doubt,  and  call  Zsneboni  a  visual 
calculator,  despite  the  inconclnsiveness  of  the  existing  evidence. 
We  find  so  far.  then,  four  visnal  prodigies, — the  younger  Bid- 
der. Diamandi.  Oase.  and  Zaneboni, — of  whom  only  tbc  first 
two,  however,  are  above  suspicion.' 

As  audilory  calculators  we  may  name  at  once  Inaudi.  Perrol, 
who  in  ordinary  life  was  an  abnormally  poor  visoalizer,  Saf* 

iThc  DBine  of  Pioctor  tias  be«u  ooijlted  from  thia  Htt.  owing  to  (be 
■bseace  of  in  form  at  ion  coDCeminK  tbe  extent  of  hi*  cstcnUtlng  poirct; 
there  is  no  doubt,  hovcvcr.  thnt  his  calculalioni,  &•  far  as  tbey  went. 
were  viaual  in  tbe  leose  alrendy  defined. 
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ford,  wbo  talked  to  himself  when  originating  new  rules,  nod 
the  present  writer.  The  cases  of  certain  other  calculators  who 
were  almoEt  certainly  auditory  require  some  discu^ion,  since 
at  first  aighl  the  evidence  appears  lo  be  conflicting. 

That  Bidder  was  uf  auditory  type  is  shown  by  the  following 
considerations,  (i)  He  learned  to  count  and  calculate  before 
learniug  to  read  and  wTite.  and  constanlljr  emphasizes  the  im- 
portance of  this  fact  in  his  lecture  before  the  Institution  of 
Civil  Engineers.  After  learning  to  count,  he  taught  himself 
the  multiplication  table  to  lox  lo  by  means  of  reclaogles  of 
shot;  but  he  expressly  spealcs  of  amnting*  the  shot  after  tliui 
arranging  them,  not  of  seeing  a  picture  of  them,  or  of  grouping 
them  in  visual  patterns.  Again,  when  he  recommends  this 
method  of  teaching  mental  arithmetic,'  he  lays  stress  on  ar- 
ranging the  actual  objects  and  then  counting  them,  not  on 
seeing  such  vivid  mental  pictures  as  would  render  the  presence 
of  the  actual  objects  superfluotis.  Hence  we  arc  warranted  in 
assuming  that  if  Bidder  had  visual  images  of  his  shot  and 
marbles  at  first,  they  played  no  part  in  his  actnal  mechanism 
of  mental  calcnlalion,  and  later  dropped  out.  If  this  is  the 
case,  then  the  use  of  pebbles  and  the  like  iu  childhood  is  not, 
m»  It  would  at  first  teem,  a  proof  of  visual  type. 

(3)  Bidder's  reiterated  emphasis  on  the  ita<habUnti$  of 
mental  arithmetic,  by  his  methods,  to  any  person  of  average 
■bilily,'  is  itself  a  fairly  good  indication  of  his  auditory  type. 
Auyottecan  learn  to  count  in  auditory  lernis,  hut  not  every  one 
£■□  learn  to  visualize  numbers,  to  "have  a  good  imagination" 
for  them.  If  visual  aids  played  any  essential  part  In  hi.*  mental 
cak:ulation.<),  then,  we  .-thould  expect  him  to  stipulate  that  the 
mental  arithmetician  must  possess  a  certain  mimmura  ol  im- 
agiaatiou.  Bidder's  son,  it  will  be  remembered,  who  was  of 
strong])-  TJmal  cast,  could  "conceive  no  other  way  possible  of 
doing  mental  arithmetic."  The  elder  Bidder,  on  the  other 
hand,  can  discm-er  in  himself*  "no  ])artlcular  turn  of  mind, 
beyond  a  predilection  for  figures,  which  manj"  possess  almost 
in  an  equal  degree  with  myself." 

(3)  There  in  a  notable  abttuce  of  \'isual  metaphors  in  Bid- 
der's descriptions  of  his  calculating  operations,  and  a  strong 
insistence  on  the  tuatitive  character  of  the  processes  involved; 
whereas  a  visual  calculator,  in  an  account  so  full  and  clear  as 
Bidder's,  could  hardly  have  avoided  at  least  a  few  vi&ual  com- 
parisons, and  would  not  have  laid  stress  on  the  serial,  one- 
thing-at-a-timc  character  of  the  processes.     Bidder  speaks*  of 

»/V»f.  Inii.  C.  E..  XV,  p.  398. 

*n»d..  p.  J78. 

*Prot.  itul.  C.  B.,  XV,  pp,  J5»,  ajj.  jj6, 161,  178. 

•/HA,  p.  25i.  ^Prot.  Imtt.  C.  £.,  XV,  p.  354. 
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"ref(Uteriax"  tfae  numbers  ia  his  memory,  not  of  seeiiiK  tbem; 
in  ntciitul  calcutalton  "e\'cr>'  mental  process  must  Ik  unuloj^oDt 
to  tbai  wbichis  indicated  in  working  out  algebraical  formulEC." 
and,  "no  one  step  can  be  omitted."  In  reading  tbe  page  of  a 
book,  "every  letter  of  that  page  passes  in  review  through  the 
mind";  note  the  abstractness  of  thepbrase  here,  where  a  visual 
figure  would  be  almost  inc^'itable  for  a  man  of  visual  type- 
Ideas  of  numbers  arc  best  impressed  on  the  mind'  "without 
any  reference  (o  symbols":  written  figures  are*  "unmea»iiit{ 
symbols."  As  soon  as  we  attempt  lo  go  beyond  3-figtire  mul- 
tiplications to  those  of  4  figures,  "another  idea  must  be  seized 
by  the  mind",  namely,  the  idea  (word)  "thousands,"  and 
"this  increases  the  strain  oa  the  registering  powers  of  the 
mind."'  In  multiplication,  one  fact  and  only  oik  is  to  be  kept 
in  mind  at  each  stage.*  Bidder  would'  "despair  of  any  great 
success  iu  the  pupil's  progress  in  the  science  of  arithmetic  if  he 
did  not  commence  before  he  knew  anything  of  symbols,  and  if 
his  first  conception  of  numbers  was  not  derived  from  their  real 
tangible  quantity  and  significanee."  Here,  as  frequently 
throughout  the  paper,  the  written  symbols  (visual  and  simul- 
taneous) are  contrasted  with  the  "significance"  of  the  num- 
bers, t.  f..  their  place  in  the  {successive  and  auditory)  series 
of  numbers  used  in  counting. 

In  the  one  place  (p.  255)  where  Bidder  does  use  a  visttal 
comparison,  it  is  tbe  hackneyed  one  of  a  flash  of  lightning — an 
expression  which  has  passed  so  completely  into  the  every-day 
vocabulary  that  its  original  figurative  force  is  seldom  distinctly 
realii^d  by  those  who  use  it.  Bidder  employs  (he  phrase  sim- 
ply to  show  tbe  rapidity  and  c]ciirne:.NS  with  which  needed 
numerical  ideas  come  into  his  mind:  this  no  more  indicates 
visual  type  (where  the  counter-evidence  is  so  strong)  than  tbe 
familiar  phrase  "like  a  flash"  proves  that  things  "understood" 
in  that  way  are  "seen"  in  visual  terms.  In  fact,  the  verb 
"»ec"  and  the  commoner  stereotyped  visual  metaphors 
("clear."  "like  a  flash,"  etc.)  arc  so  firmly  established  as 
synonyms  for  "understand,"  etc.,  that,  unless  corroborated  by 
more  definite  evidence,  they  prove  nothing  at  all  concerning  j 
the  memory  type  of  any  one  who  uses  them. 

'/&id..  p.  163. 

•/ftirf.,  p.  161. 

*/yoe.  Intl.  C.  E.,  XV,  p.  ^63.  laaudi.  like  Bidder  bq  atKtilorT  €•!■ 
culalor.  alwHvskrepsiii  mind  the  Dames  (thousands,  millioni.bilHoos, 
*tc,)  of  the  difitrent  pi-tioilB  of  iiutnliers,  wher««s  «  rlsual  olrulatof 
would  be  CDtich  more  likely  to  depend  simply  on  his  tIsdaI  memory 
of  posittoQ,  and  drop  out  the  name*  of  the  periods  as  tiscle««,  like  tu 
word*  "put  down  j  and  carry  1,"  ate. 

*tbid.,  pp.  160,  963. 

^Ibid.,  p.  379. 
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There  can  be  little  or  do  doubt,  then,  that  Bidder  was  an 
auditory  calculator.  ScHpliirv's  .sole  evidence'  of  visual  type 
in  Bidder's  case  consists  in  wrongly  attributing  to  him  the 
yoiinger  Bidder's  rcmarlc  about  the  only  conceivable  wsy  of 
doing  mental  arithmetic.  The  only  other  apparent  evidence 
that  Bidder  was  a  visual  culculalor  is  the  fact  that  he  had  good 
ponrcrs  of  visualizing  diagrams  and  the  like.'  But  we  are  not 
trying  to  determine  Bidder's  memorv  type  in  general,  but  only 
bis  type  as  a  calculator;  and  the  evidentc  in  the  latter  field  is 
practically  conclusive  in  favor  of  auditor>'  type.  If  wc  knew 
absolutely  nothing  else  about  Bidder's  memory  type  in  general 
except  that  he  was  a  good  vt$tinlixcr  of  diagrams,  that  fact  might 
establish  a  very  slight  presumption  in  favor  of  visual  type  even 
as  a  calculator;  but  in  the  presence  of  more  definite  evidenci: 
the  &ct  is  quite  irrelevant  here,  except  in  so  far  as  it  shows  that 
he  was  Dot,  like  Perrol.  of  txiremt  nou-viitual  type  outside  of 
calculation. 

What.  now.  oiColtunt's  memory  type?  In  Gall's  account* 
we  are  told  that  "iu  calculations  at  all  compltcaied.  be  [Col- 
bum]  is  often  heard  to  multiply,  add,  or  subtract,  aloud,  and 
with  incredible  rapidity."  In  the  Philosophieal  Magazine,* 
too.  we  find  a  reference  to  the  "motion  of  hi»  lips  while  calcu- 
lating," and  this  we  may  take  as  practically  conclusive 
evidence  of  auditory  (auditory -motor)  type.  As  corrobora- 
tive evidence  we  may  point  to  the  close  resemblance  of  the 
three  calculators  Bidder,  SalTord  and  Colburii,  all  of  whom 
learned  to  calculate  before  learning  to  read  and  write,  and 
showed  a  marked  preference  for  a  class  of  problems  (evolution 
aud  factoring)  uot  cultivated  to  an  equal  extent  by  auy  other 
recorded  calculator.  All  of  them  began  multiplication  at  the 
left,  aud  in  general  bad  the  same  metliod.t  of  calculation.  Two 
of  them,  Bidder  and  SafTord.  wc  have  already  found  to  be 
auditory,  and  in  Colbuin's  case  the  reference  to  the  motion  of 
bis  lips  is  strongly  in  favor  of  the  auditory  theory.  Moreover, 
we  find  in  him  the  »imc  nervous  contortions  which  are  recorded 
in  the  case  of  SaOord.  and,  to  a  less  extent,  of  Iuaudi.°  both 
auditory  (-motor)  calcnlators. 

In  Colburn's  case,  as  in  Bidder's,  there  is  one  piece  of  appar- 
ent evidence  of  visual  type.  We  read  in  Galt'jt  accounlMhat 
Colbnrn   "was  asked  how  he  made  his  calculations.     He  an- 

I  1  <H.  dl..  p.  57- 

I  *Spettalor.  LI.  187S,  p.  I4j4.  'Vol.  XI..  iBra.  p.  im. 

W  *  Binet  Mys  d[  iDBudi  (oj^.  n7„  p.  37),  "PcDdflDt  1«r  calciiU,   11  fait 

^^B  d]86rcula  geiles,  tics  uns  icipottatice  el  Aa  rest?  trtt  TaHublea," 
^B  *Of.  eit..  V.  'p.  87.  <juotiug  from  Mrd.  and  mt.Jt.  and  Kro.,  tSii; 

^^^  Scri  pin  re,  quoting  the  remark.  Kive*  the  rcfereucc  m  p.  it  of  that 

f  jonraal. 


*0p.  til..  V,  p.  85. 
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swertd,  that  he  saw  them  clearly  before  him,"  But.  as  we  hivve 
already  seen,  the  use  of  the  words  "sec"  and  "clearly"  is  not 
a  satisfactory  proof  of  visaal  type,  especially  when  strong  and 
definite  evidence  jxiiitui  the  other  way.  If  Colbuin  had  dc* 
pcaded  on  Proctor's  dot-patteros,  that  fact  ought  to  be  evident 
from  his  account  of  his  methods  in  the  Mem&ir.  whereas  we 
find  there  no  reference  to  visual  images.  That  Colburn  saw 
written  figures  iti  hardly  probable,  since  it  was  only  in  London, 
when  ttlmatt  at  the  height  of  his  calculating  power,  that  he 
learned  to  read  and  write.  Furthermore,  when  ihc  1811  article 
was  written  ou  which  Gall's  accouut  is  ba.4cd,  Colburn  was 
only  ff  yearn  old,  and  hctice  would  naturally  use  concrete  lan- 
guage (visual  metaphors)  rather  than  abstract  language,' 
whatever  his  memory  type.  In  the  light  of  all  the  availabk 
evidence,  therefore,  it  seems  safe  to  call  Colburn  an  auditory 
calculator,  though  it  is  ofcourse  just  possible  that  at  first  he 
had  visual  associations  also,  which  later  may  have  disappeared 
more  or  less  completely  from  his  calculations. 

Let  us  next  consider  the  case  of  Buxlon.  Hi^  ability  to  re- 
peat numbers  either  forwards  or  backwards  establishes  a  slight 
presumption,  as  we  have  seen,  in  favor  of  visual  type.  On 
the  other  hand,  there  is  no  lact:  of  presumptive  auditory  indJ- 
cations  and  points  of  resemblance  to  auditory  calculators. 
Uuxton  not  only  learned  to  cxiunt  before  teaming  to  read  and 
write;  he  never  learned  to  read  and  write  at  all.  He  not  only, 
like  Inaudi,  retained  the  names  of  the  different  periods  (thou- 
«ands,  millions,  etc.)  in  thinking  of  numbers,  but  invented 
peculiar  names  of  his  own  for  the  earlier  periods  of  very  large 
numbers.  Like  Inaudi,  again,  he  began  calculating  by  "nam- 
ing the  several  figures  distinctly  one  after  another,  in  order  to 
assure  himself  of  the  several  dimensions  [the  problem  was  in 
racnsuralion.j  and  fix  them  in  his  mind."'  Like  Bidder, 
Colburn.  Inaudi  and  SaSbrd,  he  began  at  the  left  in  multipli- 
cation; whereas  the  two  unmistakably  visnal  calculator!, 
Diamandi  and  the  younger  Bidder,  arc  known  to  have  used 
cross- multiplication.  He  retained  a  marked  fondness  for  that 
counting  in  the  simple  series  of  natural  numbers  with  which 
the  auditor)-  calculator  always  begins;  at  the  theatre,  for  ia- 
stance,  be  counted  the  exits  and  entrances  of  the  different 
characters,  the  words  spoken   by  each,   the  number  of  steps 

•AiMimc  for  the  momeiit  th»t  a  child  of  6  is  bd  •bsolnUly  non-TiiuU 
ealcnIatOT,  and  is  asked  to  describe  his  methods;  what  InitgunKc  but 
lie  at  coiuinaiid  but  lite  vi«iisl  uictaplior  of  "seeing  clearly"?  He  doca 
not  yet  diatingiiiBh  words  (roin  thooghls,  hence  caoaol  aay,  a*  a  grown 
maa  miKhl,  that  he  "hears"  hU  catculationB.  or  "Bpcaka"  them  men. 
tally.  Tlie  piyebology  of  a  youD^  child,  like  popular  psychology  la 
general,  incviinbly  tend*  to  expluo  everytbtng  lu  vtiual  term*. 

*Gcnt.  Mag..  1751,  p.  61. 
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tntccn  in  the  dance,  and  the  like.  His  mental  record  of  sll  the 
firvc  beci  be  had  had  from  the  age  of  12  must  have  been  at  least 
pikttly  ia  verba]   (auditory)   terms.     His  skill  in  estimating 

•  areas  by  pacing  them  docs  not  indicate  any  visualizing  ability, 
but  rather  a  htep  of  uniform  and  known  length  and  an  ability 
to  count  and  calculate.  Like  Inaudi  and  a  lew  other  calcula- 
tors, notK  of  them  known  to  be  visual,  be  could  carry  ou  a 
■  conversation  while  cotDpuiing.  And  when  a  new  .style  of 
problem  (cube  root)  was  proposed  to  him,  he  was  heard  to 
mutter  to  himself,  after  puzzling  over  it  for  some  time,  that  be 
would  ma.ster  it  yet.' 

The  vast  extent  of  some  of  Buxton's  calculations,  to  be  sure, 
i>t>Sg^ts  DaiiC,  the  only  other  calculator  known  (o  have  ^one 
beyond  iS'figure  multiplications  ;  but,  even  gianting  that  Dase 
was  a  visual  calculator,  the  value  of  this  analogy  is  destroyed 
by  the  fact  that  whereas  Buxton  requiivd  two  months  and  a 
half  for  a  39-figure  multiplication,  I>ase  performed  a  40-figure 
mtiltiplication  in  40  minutes.  And  of  course  if  Buxton  had 
pOii«es^scd  anything  like  Dase's  power  of  instantaneous  visual 
counting,  such  trivial  occupations  as  counting  words  and  steps 
could  scarcely  have  retained  any  interest  fur  him.  On  the 
whole,  then. — siuce  the  ability  to  repeat  oumbcrs  backwards  ts 
the  only  indication  of  p<jsstbte  visual  type,  and  since  we  can 
easily  explain  that  ability,  in  a  man  whoee  mental  processes 
were  all  ao  slow,  by  supposinji  that  he  became  interested  in  re- 
versing numbers  and  practiced  the  feat  with  his  usual  perse- 
verance,— it  seems  fairly  safe  to  call  Buxton  an  auditory  rather 
■  than  a  visual  calculator. 
The  remaining  calculators  may  be  dismissed  somewhat  more 
briefly,  since  in  the  absence  of  more  definite  information  than 
we  have  it  is  only  possible  to  indicate  probabilities  as  estab- 
lished by  comparison  with  better  known  prodigies.  Ftilkr  bo 
closely  resembles  Buxton  that  if  we  call  the  one  auditory,  we 
may  assume  that  the  other  was  likewise.  Mondettx  has  various 
points  of  resemblance  with  Inaudi  on  the  one  hand,  and  with 
H  Bidder  on  the  other,  both  of  whom  we  have  found  to  be  audi- 
™  tory, hence  Moudeux  also  maybe  placed  in  thisclass.  Atnfiire, 
like  Mondeux  and  Bidder,  used  pebbles  in  his  early  calcula- 
tions, an  indication  which  we  have  found  to  be  no  disproof  of 
atiditory  type  ;  like  tbem,  again,  he  learned  to  count  at  an 
early  age, — earlier,  in  fact,  than  either  of  them,— before  learn- 
ing to  read  and  write.  A  presumption  therefore  exists  tbat 
he.  too.  was  auditor}-.  Gauss  began  earliest  of  all.  before  he 
was  quite  3,  if  wc  accept  bis  own  account,  as  it  seems  safe  to 

^Ctrnt.  Mag.,  1753,  p.. 


The  exact  wording  of  the  paauge  ia. 
o  hlmtcK  there  were  tiocks  tn  it  [the 
problem),  but  he  w^uld  si/t  lAem  aAotil,'" 


'after  Mue  tini«,'li«  wM  to  hlmtcK  there  were  nofiks 
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do  in  the  case  of  a  man  of  bis  scientific  eminence,  vibio '. 
Yiltit  nee<l  to  exnggerate  his  own  ability;  moreover,  tbe  ftetl 
that  at  the  gymnanum  be  mastered  the  classical  langtiages 
"with  incredible  rapidity' '  suggests  auditory  rather  tban  visual 
character^ 5iic5.  Concerning  the  tninor  prodigiei  it  woutd 
hardly  be  safe  to  specnlaie ;  we  have  Men,  however,  that  many 
of  them  learned  counting  before  readinK  and  wriling.  and  this 
establishes  in  these  cases  a  slight  presumption  of  auditor)*  type. 

Tbeae  conclusions,  it  will  be  seen,  involve  a  radical  departure 
from  the  current  views.  Scripture  names  three  calculators— 
Buxton,  Colbum.  and  Bidder— as  using  visual  images;  and 
while  he  admits  tbe  absence  of  .specific  iofbrmation  in  the  cose 
of  other  calculators,  be  thinks  it  safe  to  assume  that  visnat 
images  played  a  considerable  part  in  all  casc^.  We  have  seen, 
however,  tb^tt  the  evidence  in  each  of  the  three  cases  named  is 
either  based  on  a  misconception,  or  connterbalanccd  by  stronger 
e\-idence  of  auditor)'  type.  On  tbe  other  hand,  two  of  the 
prodigies  in  Scripture'^  list,  Dasc  and  the  younger  Bidder  (who 
obviously  should  have  been  named,  since  be  and  not  his  lather 
was  icsponxible  for  the  remark  quoted  by  Scripinre).  show 
some  evidence  of  visual  type,  and  of  the  three  others — Inaudi, 
Diamaudi,  and  Zaneboni — since  described,  Diamandi  is  uumis- 
tftkably  visual,  while  Zanebont  ia  ratber  doubtful.  Apart  from 
these  four  men.  we  find  in  slmoat  every  case  not  only  no  evi- 
dence supporting  the  vixual  theory,  but  at  least  some  evidence, 
of  more  or  less  weight,  favoring  tbe  auditory  theory.  In  other 
words,  if  the  conclusions  here  reached  are  sound,  mental  calcu- 
lation is  primarily  an  auditory  operation,  a  matter  of  verbal 
associations,  and  in  tbe  majority  of  cases  no  appreciable  aid  is 
rendered  by  visual  associationn.  In  fact,  while  it  would  per- 
haps be  going  too  far  to  say  that  the  ""natural"  calculator  is 
always  the  auditory  calculator,  and  thai  the  visual  calculator, 
just  in  so  far  8«  he  is  visual,  is  an  "artificial"  calculator,  such 
a  statement  would  be  vcrj-  much  nearer  the  truth  than  tbe  cur- 
rent view  that  mental  calculation  is  primarily  "  vistjal  operation.' 

In  case  this  view  seems  nnduly  radical,  however,  it  must  be 
remembered,  in  the  first  place,  that  we  are  dealing  only  with 
mental  calculation  as  sticb.  leaving  quite  open  the  question  of 
general  memory  type:  and  in  the  second  place,  that  we  have 

I  DiBttiBtxli.  w«  faavc  seen,  learned  mental  calculation  only  aiMr 
Icavhig  Rchool.auil  use'l  cross- muUipticntion.  which  !■  not  a  "natn- 
ral"  nictlioil.  The  voutiKer  Biddvt  usetl  i-ruu- ma  I  ti  plication  and  a 
nmeinonic  $r»tem.  and  may  bare  had  no  "OBturar"  KJft  fof  nieoial 
calculmion  at  all,  but  ajaiply  have  taoKht  hJRiieif  bj  delibciate  prac- 
lie*,  in  imitation  of  hiB  ffitbcT,  or  tiy  his  father'*  tagf-esttOD  or  guid- 
ance. Tbe  crniipi  of  DoBc  and  Zaneb'ooi.  cannot  profitably  be  diKuaMfl 
from  Uita  polat  of  view  in  the  absence  of  (ultcr  information  than  we 
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sdopied  a  very  narrow  definition  of  ibe  two  types.  By  calling 
a  CAlcuUttor  auditory  wc  do  not  imply  that  visual  images  arc 
by  any  means  wholly  abseat  from  his  mind  duriuK  calculation, 
but  only  that  they  are  not  uniformly  present,  and  that  their 
absence  is  not  an  cmbairassmcnt.  or  their  presence  a  material 
sid,  to  the  calculator.  Probably  in  moat  cases  what  we  have 
called  chance  \'i.sual  associations  will  enter  in  lo  a  greater  or  less 
extent,  especially  where  the  numbers  are  presented  to  the  cal- 
culator iu  written  or  printed  furui.  And  it  may  conceivably 
happen  that  a  man  who  is,  in  general,  predominantly  visual 
may  be  auditory,  in  this  sense,  as  a  calculator.  Yet  after  all 
cinnlificntions  have  been  tnndc.  the  fact  remains  that  mental  cal- 
culation, as  we  have  seen  agaiu  and  again,  naturally  takes  its  rise 
fromcouuting,  which  iMcvsentially  a  v<.-rt>al  process,  However 
widely  the  extent  and  relative  weight  of  visual  and  auditory  ele- 
ments may  vary,  it  cau  hardly  conceivably  happen, — certainly 
doe»  not  happen  in  any  known  case, — that  the  verbal  elcmenis 
play  no  part  whatever  in  the  calculating  process ;  whereas  the 
function  of  the  visual  elements  may  well  be  reduced  practically 
ti>  (he  vanishing  ]>oint.  And  the  sooner  wc  get  rid  of  the  old 
idea  that  mental  calculation  U  in  essence  the  same  as  written 
calculation,  but  with  a  mental  iustcaJ  of  a  written  tablet,  on 
which  the  faculties  of  memory  and  imagination  inscribe  the 
figures  of  the  written  calculation  in  i)erfccl  order  and  complete 
detail,  the  sooner  wc  shall  begiu  to  understand  the  psychology 
of  mental  calculation. 

Summary.  The  results  of  our  study  of  the  mathematical 
prodigies  may  be  summarized  as  follows : 

( I  >  In  Part  I  is  presented  a  fairly  complete  list  of  th«  more 
important  prodigies  on  record,  with  those  data  in  each  case 
which  shed  most  light  on  the  nature  and  development  of  the 
calculating  power.  An  cRort  is  also  made  to  correct  several 
errors  which  ha\-e  crept  into  the  literature,  and  to  bring  out  a 
few  points  whose  wgnificance  has  been  overlooked;  fo  that  the 
present  account,  it  is  hoped,  will  be  found  reasonably  complete 
and  reliable.  In  particular,  the  case  of  Zerab  Colburn  has  beeu 
catered  into  in  some  detail;  this  man  has  certainly  received  less 
than  hia  due  from  both  Scripture  and  Binet. 

(3)  In  Part  II  ts  described  a  new  cue,  that  of  the  present 
writer.  The  calculating  power  is  in  this  case  very  slight,  and 
ill  itself  unimportant.  It  has  been  described  at  some  length, 
however,  to  bring  out  the  naturalness  of  the  "precocity"  in- 
volved, the  gradualoess  of  the  development  of  the  calculating 
power,  the  important  part  played  by  counting, — fir.st  in  the 
series  of  natural  numbers,  and  later  in  the  series  of  multiples 
and  powers  of  various  numbers, — the  general  character  of  the 
numerical  propenlcs  brought  to  light  in  this  way, — properties 
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which  awaken  the  interest  of  the  calculator,  furnish  the  motive 
for  contimicfl  practice,  and  shorten  the  labor  of  calculation, 
reuderiug  the  whole  procc&s  self- sufficient  and  independent  of 
outside  aid, — and,  to  some  extent,  the  nature  of  the  psycho- 
logical and  mathematical  processes  and  short-cnts  used  in  this 
particular  case.  The  part  played  by  "a-figure  endings"  has 
been  entered  into  in  some  detail,  as  shedding  light  on  a  class 
of  problems — evolution  and  faclotiug — which  have  often  poz- 
zletl  students  of  the  subject,  owing  to  the  surprising  rapidity 
with  which  some  of  the  prodigies  have  solved  them.  In  none  of 
these  respects  is  the  material  here  presented  wholly  new.  Most 
of  it,  perhaps,  could  be  deduced  fmrn  a  careful  study  of  Bid- 
der's case.  At  the  same  time,  it  remains  true  that  the  signifi- 
cance of  these  facts  has  not  been  fully  brought  out  by  previous 
investigators;  hence  it  has  seemed  worth  while  to  dwell  «n 
them  here  at  greater  length  than  would  otherwise  be  necessary. 

(3)  The  data  thus  collected  have  been  studied  in  Part  III, 
and  conclusions  drawn  under  several  beads.  Attention  has  in 
the  main  been  confined  to  the  "natural"  calculators  who  de- 
velop spontaneously,  at  least  in  the  first  instance,  without  ex- 
ternal aid  from  books  and  teachers;  as  distinguished  from  the 
"artificial"  calculators  who  use  external  aids  from  the  start. 
Huber's  blind  Swiss  is  perhaps  the  only  '  artificial' '  calculator 
here  considered:  but  the  distinction  must  not  be  too  sharply 
drawn,  since  several  of  the  others  have  made  use  of  "artificial" 
methods,  such  as  mnemonic  systems.  A  calculator  may  begin 
in  the  "natural"  way.  but  later  make  use  of  "artificial"  meth- 
ods besides,  in  order  to  extend  his  calculations  further,  as 
Gauss  did  in  his  use  of  logarithms;  if  the  younger  Bidder  had 
any  "natural"  gift  to  start  with, — a  question  we  must  here 
leave  open, — he  belongs  to  the  same  class  with  Gauss  in  this 
respect.  In  general,  it  is  obvious  that  skill  in  calculation  at- 
tained by  using  these  "artificial"  methods,  either  from  the  start 
or  at  a  later  stage,  constitutes  no  special  problem  for  the  psy- 
chology of  mathematical  precocity,  belonging  rather  to  the 
psychology  of  delilwraiely  practiced  operations  in  general,  and 
hence  need  not  be  discussed  iu  such  a  study  as  the  present. 

Into  the  question  of  heredity  iu  mental  calculation  we  have  not 
attempted  to  enter,  not  only  because  of  the  scarcity  and  uncer- 
tainty of  the  data,  but  because  such  general  terms  as  heredity 
and  environment  do  not  carry  us  far  in  the  study  of  any  special 
function  like  mental  calculation. 

Preeocily  in  calculation,  we  have  found,  is  natural  and  nor- 
mal; not  only  is  the  popular  amazement  over  it  groundless, 
but  there  is  no  need  even  to  regard  it  as  "remarkable." 
Owing  to  the  origin  of  menul  calculation  in  ordinary  counting, 
and  the  complete  independence  and  self-sufficiency  of  tiKDtal 
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arithmetic,  raere  mathematical  precocity  fallK  iu  ft  (ItfTereat class 
from  muftical  precocity,  and  sttll  more  from  the  all-round  pre- 
cocity shown  by  such  men  as  Ampdre  and  Macaulay.  If  for  any 
reason  the  mathemasicil  prudif^y  loses  his  interest  in  calcula- 
tion, or  the  opportunity  to  practice  it,  his  power  is  likely  to 
diminish  or  eventually  to  disappear;  in  this,  respect  mental  cal- 
culation is  like  piano-playing,  or  any  other  highly 'specialized 
activity  dependciit  on  long  practice. 

Skill  in  mental  calculation  in,  owing  to  the  Lsolation  of  men- 
tal arithmetic  already  noted,  independent  of  general  edueation; 
the  mathematical  prodigy  may  l>e  illiterate  or  even  densely 
stupid,  or  be  may  b«  an  all-round  prodigy  and  veritable  genius. 
Furthermore,  mental  calculation  is  entirely  independent  for 
Mit/AirM)a/u'a/ ability  and  education;  the  calculator  may  never 
rise  above  the  counting  stage,  or  may  acquire  merely  arith- 
metical skill,  or  may  develop  a  keen  insight  into  algebraic  re- 
lations, or  even,  like  Safford  and  Gauss,  a  marked  aptitude  for 
higher  mathematics.  Hence  it  is  not  helpful  to  classify  the 
mathematical  prodigies  either  by  general  eciucation  or  by  sub- 
sequent mathemati«d  development.  Indirectly,  however,  igno- 
rance favors  a  high  development  of  the  calculating  power,  by 
preventing  other  and  more  important  interests  from  taking  its 
place,  Where  the  power  «  retained  in  spite  of  the  widening 
of  interests,  its  practical  value  may  become  con sidi;rablc,  espe- 
cially to  the  niatbeiuatician,  the  lawyer,  or  the  engineer. 

Although  mental  arithmetic  naturally  develops  out  oitounl' 
i»f.  the  fundamental  operation  is  muJtipiicaiiaa.  This  opera- 
tion may  remain  permanently  in  the  counting  stage,  t.  e.,  may 
proceed  without  the  use  of  a  memorized  multiplication  table  ; 
usually,  howe%'er,  a  multiplication  table  up  to  10  x  10  is  used. 
Many  of  the  prodigies  begin  at  the  left  in  both  multt plication 
and  addition.  Proctor  describes  in  his  own  case  a  method  by 
the  aid  of  vUoal  dot-patterns,  but  no  other  calculator  is  known 
10  have  followed  this  method.  Two  of  the  visual  calculators, 
Dlamaudi  and  the  younger  Bidder,  used  cross-multiplication. 
The  theory  has  been  proposed  that  a  large  multiplicntion  table, 
perbape  to  too  x  too,  is  used  by  some  of  the  prodigies;  but  there 
ia  DO  evidence  that  any  of  them  .actually  did  use  such  a  table, 
and  even  Dase's  feats  arc  explicable  without  presupposing  it. 
Problems  in  square  and  cube  root  (especially  of  exact  squares 
and  cubes)  and  factoring  are  favorites  with  some  of  the  calcu- 
lators; in  those  cases  where  the  answer  is  given  "instantly," 
the  simple  properties  of  ^-figure  endings  are  used. 

Various  mathematical  and  psj-cbological  ihort-cuis  explain 
the  speed  attained  by  some  of  the  prodigies  in  their  menta 
operations.  Problems  done  "instantly"  are  either  verj' sim- 
ple, or  else  are  solved  by  guess  and  trial,  with  the  aid  of  little 
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tricks  nnd  properties  readily  discovered  by  the  calctilator.  Many 
slgebraic  problems  arc  thus  solved,  sod  ibe  same  is  true  of 
squBie  and  cube  roots  of  perfect  squares  aud  cubes,  as  we  have 
iust  seen. 

The  distiuction  which  is  so  often  msdc  between  memory  and 
ealatiatioH .  with  the  implicatiou  that  the  great  calculator  il^| 
simply  a  little  calculator  with  a  big  memory,  using  the  sam^H 
methods  as  his  lesser  rivals,  is  inisleadius  ;  the  process  is 
always  (in  the  "uatuial  "  calculntors)  a  true  calculation,  and^ 
memory  for  figures  is  important  only  in  so  far  as  it  stands  it^H 
the  service  of  calculation.  ^^ 

Finally,  many  of  the  calcntators  heretofore  sapposcd  to  be 
of  visual  memory  lypt  turn  out,  on  closer  exaniinatiou,  to 
belong  to  the  auditory  (or  andituty-niotor)  tyiw.  at  least  in 
calculation ;  and,  in  general,  &incc  counting  is  essentially  a 
verbal  process,  the  calculator  who  begins  from  counting,  before 
he  Icarus  to  read  aud  write,  will  usually  belong  to  the  auditory 
type,  aud  will  malce  relatively  little  use  of  visual  images  in  bis 
actual  calcnlatiom.  At  least  two  of  the  "major"  prodigies, 
however,  and  possibly  four,  belong  to  the  visual  type. 
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APPENDIX  I. 

Norn  ON  Zrrah  Colbdki*. 
Scriplure,  at  the  beginning  of  his  treatment  of  Colbum  {op. 
HI.,  p.  ii),  says:  "Autobiographies do  not  always fnruish  the 
moPt  trustworthy  evidence  in  regard  to  the  man  himself; 
when,  moreover,  the  author  is  convinced  that  be  is  nothing 
less  than  n  modern  miracle  ;  and.  finally,  when  having  had  no 
scientific  and  little  literar>'  education,  he  at  a  later  date  writes 
the  memoirs  of  his  youth,  we  are  obliged  to  supply  the  lacking 
critical  treatment  of  the  narrative."  A  little  earlier  (p,  8)  be 
tells  us  that  Gauss,  "  if  he  had  had  the  misfortune  to  have 
been  gifted  with  nothing  el^  [than  his  calculating  powers], 
....  might  even  have  proclaimed  himself  in  the  Colburn 
fashion,  as  a  miraculous  exception  from  the  rest  of  mankind." 
Again  (p.  i6),  "  It  is  to  be  remarked  that  Colbum's  calcula- 
ting powers,  such  as  they  were,  seemed  [irV]  to  have  absorbed 
all  his  mental  energy;  he  was  unable  to  learn  much  of  any- 
thing, and  incapable  of  the  exercise  of  even  ordinary  intelli- 
gence or  of  any  practical  application.  The  only  quality  for 
which  he  was  especially  distinguished  was  self-a[>pre<Hation. 
He  speaks,  for  example,  of  Bidder  as  '  the  person  who'  ap- 
proached tbe  nearest  to  an  equality  with  himself  in  mental 

'The  wofJ9"in  the  wriler'Eiuiigmeiit"»reliere  omitted  bv  Scrlptnr*  J 
vitbont  the  cuslotnnrr  sign  of  omUsion.     (^Memoir  p.  175.) 
Colburn's  word  liere  U  "tilm,"  not  "himaell."    {^Loecit.") 
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aritfamettc. '  Agaiu,  'be  thiulcH  it'  no  vanity  to  consider  liim- 
self  first  In  the  list  in  the  order  of  lime,  and  pit^ablr  first  in 
the'  extent  of  Intellectual  power.*" 

In  similar  strain  Rinet  says  (<»/.  nV-.p,  9),  "L'hisloire  de 
Zcrah  Colbani  scniit  cxtr£memctil  intfrcssantc  st  ellc  repoisait 
sur  des  doctiments  diftnes  de  confiance;  il  n' en  eat  malheur- 
eiuement  pas  ainsi.  Le  principal  document  qui  reste  de  lui 
est  SOD  autobiographie,  et  comme  il  s'est  exhib6  dans  des 
representations  publiques.  et  qu'  11  parle  de  lui-mCme  nvec  une 
vanity  insQpportablc.  on  pent  supposer  4  bon  droit  que  cettc 
biograpbie  est  une  reclame."  And  a^ain  (pp.  10-11),  "Col- 
bnrn  a  passi  pour  un  individii  d'  une  intelligence  miJ<liiicrc,  et 
crevant  d'  orgueil;  sa  bioKfaphie  en  donne  millc  prcuves 
naives,  et  il  affirme  h  phisieurs  rejirises  qu'on  dolt  le  con- 
sid^rcr  commc  la  plus  grandc  intelligence  dc  la  tcrre.'"  Other 
passages  of  a  similar  sort  might  be  quoted  from  both  Scripture 
and  Itinet,  but  those  above  given  are  sufficiently  typical. 

These  siatementfi,  it  will  be  seen,  are  plaiu  aud  unqualified. 
Ifihey  are  true.  Colburn  was  a.  man  of  little  or  no  education, 
iticapablcof  ordinary  intelligence,  utterly  unqualified  to  write 
a  bistorical  document;  and  his  Memoir  is  historically  unrelia- 
ble, an  exhibition  of  intolerable  vanity,  proclaiming  him  a*  a 
tnodem  miracle,  the  greatest  intellect  that  ever  lived,  etc..  in 
the  most  naive  fashion.  In  a  word,  these  writers  portray  Col- 
burn  as  a  sort  of  Buxton  proclaimiug  himself  as  a  Bidder  or  a 
Gauss.  Let  us  now  examine  tbc  facts,  and  see  how  far  they 
bear  out  this  interpretation. 

An  account  of  Colbum's  education  has  been  given  in  Part  I 
of  the  present  paper;  from  that  account  it  will  he  seen  that 
Scripture's  statements  are,  to  say  the  least,  somewhat  sweeping. 
We  are  interested  in  the  matter,  however,  only  in  so  far  as  it 
c»ncems  Colbum's  qualifications  for  writing  a  reliable  account 
of  bis  own  life;  aud  of  those  qualifications  the  Memoir  is  itself 
the1>est  lest,  Aftera  careful  reading,  the  present  writer  finds  It 
internally  consistent,  and  to  all  appearance  painstaking  aud 
trustworthy,  with  no  aim  other  than  to  set  the  facts  in  their 


)Tli«  oiitfiual  reads,  "it  is  no  vanity",  etc,  (p,  176). 

■The  word"  the"  here  »  not  ia  the  arifpnal  (p.  176).  Thas  Script- 
arc  here  givo  ui  tour  iui«|aoution*  lo  three  liiici,— ao  eloqneot 
comiDentary  on  bis  nicthMl  of  lopptyinK  "  the  Isckiug  crlticitl  ireal- 
menl  ol  the  narrWtve"!  Hii  "critical  treatment"  of  the  Bidder 
family  ba*  atreafty  l>«ci)  diacuiaed. 

'Bitici  iMlmitt  (p.  I]  that  hi*  hUtoHcal  accoaut  1«  suMritcUI  and 
•ec«  till -hand.  aDd  (p.  1,  note)  that  be  ba«  borroK-cd  UrKety  from 
Scripture;  we  ahBlI  therefore  not,  a*  a  lalc,  take  account  or  hi*  mil- 
itate me  u  to.  tbouxh  they  are  not  few.  Scripture'*  acconut.  however, 
profeMe*  to  be  IxiMd  on  the  oriiciiial  ■ourcc*.  and  to  may  properly  be 
Bcld  aceonotable  (or  ita  sic  at  ibo«e  xmreca. 
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true  light;  and  externally  be  bas  found  only  one  or  two  sli). 
discrepancies  lietween  it  itnd  oilier  available  doconients,  none 
of  ttictu  at  all  comparable  to  some  of  tbc  ioaccuracies  we  ha%'e 
found  in  the  article  on  Arithnutieal  ProdigUs.  We  may  thete- 
fore  dismiss  this  general  charge,  until  it  is  backed  up  by  specific 
instances  of  Colburn's  alleged  incompetence,  and  torn  our  at- 
tention to  the  charge  of  naive  vanity  and  self-advertisement 
brought  against  Colbam  by  his  critics.  This  is  the  real  groand 
on  which  they  have  sought  to  discredit  the  Memoir. 

There  arc  three  classes  of  passages  in  the  Mftnoir  on  which 
a  charge  of  undue  self-appreciatiou  may  be  based.  { i )  Those 
in  which  Colbtiru  speaks  of  his  calculating  power  as  a  gift  of 
God.  and  the  like.  (2)  His  section  (p.  173  ff.)  on  "Other 
Calculators."  in  which  he  attempts  to  estimate  bis  own  place 
among  the  cntculators  he  had  met  or  heard  of.  (3)  A  few  scat- 
tered passages  in  which  his  language  is,  if  not  vain,  at  least 
In  appearance  a  little  unguarded.  Let  us  consider  the  passages 
ia  this  order. 

( 1 )  Passages  of  the  first  class  may  be  very  briefly  dismissed. 
Colbum  wat  brought  up  with  eighteenth  century  ideas  of  a 
personal  Creator,  and  at  the  time  of  writing  the  Mem&ir  was  a 
Methodist  minister.  For  him,  therefore,  it  is  the  plainest  and 
most  matter-of-fact  statement  pos^blc  to  say  that  his  power  is 
a  "gift  of  God,"  and  un1e.ss  the  context  shows  undue  pride  ia 
that  gift,  no  charge  of  vanity  receives  the  slightest  support 
from  such  statements.  Now  actually  Colburn  uses  these  reli- 
gious expressions  only  in  this  matter-of-fact  way;  be  nowhere 
boasts  of  bis  gift,  but.  on  the  contrary,  is  frankly  puzzled  as  lo 
the  Divine  purpose  in  bestowing  it.  .since  it  remained  a  mere 
"freak  of  nature,"  so  to  speak,  and  contributed  neither  to  bis 
material  nor  to  his  spiritual  success.    (C/*.  Monoir,  pp.  165-6.) 

(2)  We  may  now  examine  those  parts  of  Colburu's  scctioo 
on  "Other  Calculators"  (pp.  173-8)  which  bear  on  his  own 
estimate  of  him^lf  The  section  begins  with  an  account  of 
bis  early  nervousness,  and  concludes  with  some  generalizing 
reflections,  so  that  we  may,  without  unduly  crowding  our 
space,  quote  practically  in  full  the  relevant  parts  of  the  section 
(pp.  173-6). 

"The  inquiry  has  frequently  been  made  whether  tbe  writer 
ever  became  acquainted  with  any  other  persons  who  were  en- 
dowed with  a  gift  of  mental  calculation  similar  to  himself.  He 
thinks  not,  as  to  extent  of  solution."  Here  follows  au  account 
of  what  he  bad  heard  concerning  Buxton,  but  with  do  attempt 
to  compare  himself  directly  with  Buxton. 

"The  Countess  of  Mansfield  called  upon  Zerah  Colbnm, 
while  he  was  first  exhibited  in  London,  and  alluding  to  tbe 
singular  gift  he  possessed,  stated  that  she  had  a  daughter.  Lady 
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Frederics  Murray,  who  was  about  his  age,  and  gave  indications 
of  superior  tCkiW  In  figures,  EIc  was  afterwards  invited  to  call 
Bt  bcr  ladyship's  residence,  and  found  the  young  lady  did 
pussess  a  certain  dcRree  uf  memal  quiclcness  uncomnion  in  her 
Kcx  and  years.  Hut  her  elevated  rank,  and  the  necessary  at- 
tention to  those  pursuits  which  were  more  iu  accordance  with 
ber  station  in  life,  probably  prevented  her  attending  to  that 
endowment.  She  was  afterwards  married  to  Colonel  Stanhope, 
and  dying  younji;,  her  widowed  hushaitd.  after  the  hiyKx  of  a 
few  years  terminated  his  existence  by  suicide. 

"The  persoQ  who  iu  the  writer's  judgment  approached  the 
nearest  to  an  equality  with  bini  in  mental  srilbuietic,  was  a 
youth  from  Devoushirc  county,  in  England,  named  George 
Bidder.  This  person  did  not  begin  to  excite  attention  until 
after  Zerah  bad  retired  from  public  exhibition  in  London, 
sometime  iu  the  year  1815.  Bidder  was  at  that  time  ten  years 
old.*  Having  never  had  any  ikctitiaintancc  with  him,  the 
author  cannot  speak  correctly  of  the  manner  io  which  bis  talent 
was  first  commtiiticated  and  exhibited. 

"The  only  thing  he  ever  beard  on  this  point  was,  that  his 
father  being  engaged  in  some  diSicutt  sum,  George  answered 
it  at  once;  that  iu  view  of  hi.i  unexpected  readiness,  he  was 
put  to  school,  and  considerable  pains  were  taken  to  train  him 
for  exhibition.  This  however  may  be  as  incorrect  as  some  of 
the  stories  in  circulation  relative  to  the  subject  of  this  memoir. 
It  is  certain,  however,  that  in  London  he  [Bidder]  never  re> 
cej%'ed  that  general  patronage  which  his  predecessor  enjoyed.' 

"Some  time  in  181S,  Zerah  was  invited  to  a  certain  ptaoe, 
where  be  found  a  uuml>er  of  ]>crsotLs  queitiouiiig  the  Devon- 
shire boy-  He  [Bidder]  displayed  great  strength  and  power 
of  mind  in  the  higher  branches  of  arithmetic;  he  could  au.'iwer 
some  iiuestions  that  the  Auiencau  would  not  like  to  undertake; 
but  he  was  unable  to  extract  the  roots,  and  find  the  factors  of 
DDmbers.    The  last  time  that  the  writer  was  in  Edinburgh,  he 

■Bul(l<^i  WHS  not  ten  years  old  until  t8i6,  m>  that  Colburn,  wrtliiig 
from  lacmoty  sotnc  fifteen  yean  or  more  a(t«r  llie  cvctit,  ba*  made  a 
iDJstiilce  of  a  Tear  in  aD«  ol  tb«M  Eigurea. 

*1(  tbls  Mntence  exhibits  vanity  at  all,  the  vanity  la  liordly  o(  tba 
nalrc  tort  of  irbicti  Cotburu'a  critic*  tiave  accuaed  him.  More  pro- 
bably, Uowcvcr,  Isc  Btitlss  tlie  aimple  fact.  The  Colbarna  had  by  tbia 
lime  work^l  the  London  field  over  pretty  tborooKbly-  *°d  tli«  public 
most  fanve  bod  a  genteel  sui^ciciicy  of  calGHlatlDi;  prodlg>le«.  Bv«n  if 
we  OJAumc  that  BiddcT'fi  father  was  AKaMiduousaaCoiburn'iinefiorta 
to  ralite  moatv  troai  the  □obilitv.  which  ii  doablfnl,  the  Kcncroaity  of 
the  noble  lotds  may  well  have  faltered  a  trifle  after  Colburn  hail  both 
worn  0(1  the  DOTClly  of  the  thing  a&d  collected  all  the  sabuription* 
thejr  were  wlIliQ);;  to  give.     At  any  rate,  tbia  poiaoKc  if  hardly  as  uo- 

Satvocal  a  proof  ol  vanity  a*  we  need  to  anbatautlate  the  sweeping 
argM  of  Script  ur*  and  Bmet. 
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vttta  informed  that  the  lad  was  in  study,  under  the  patrot 
of  a  Scotch  nobleman, 

"At  different  periods,  Zcrsh  Colburn  has  heard  of  a  nntnber 
of  persons,  whose  uticommoti  aptness  in  figures  rendered  tbero 
subjects  of  astoni^hinvnl  to  olhent.  Me  thinks  it  is  no  vanity 
to  consider  himself  first  in  the  Mm  in  the  order  of  time,  and 
probably  first  In  extent  of  intcttectUAl  power,'  It  would  be 
very  easy  to  indulge  in  speculations  in  regard  to  the  increasing 
number  of  persons  tbus  eiutowcd;  but  speculation  avails  little 
in  so  exact  a  science  as  mathematics,  and  wonld  profit  notbing 
on  the  present  occasion.  It  is  his  opinion  that  should  a  simitar 
case  occur  again."  sufficiently  promimng,  htit  education  should 
be  made  a  matter  of  public  interest,  etc.  "It  then  would  be 
seen  more  clearly  than  in  any  other  way  what  was  the  object 
of  tbe  gift,  and  if  a  valiiable  help  is  therein  concealed,  it  would 
be  made  public,  and  tbousaiids  might  share  in  its  advantages." 
The  remaining  paragraphs  of  the  section  on  "Other  Cnlcnla- 
tois"  consist  of  general  reflections  which  do  not  here  concern 
us.' 

Colburn  thinks,  then,  that  he  has  never  met  any  one  with  a 
gift  of  mental  calculation  similar  to  himself,  as  to  extent  of 
solution;  that  Bidder,  in  his  (Colburn's)  judgment,  came  the 
nearest  to  being  such  a  person,  and  was  superior  in  several  re- 
spects, but  was  unable  to  extract  the  roots  and  liml  the  factors 
of  numbers:  and  that  among  the  calculators  who  have  been 
subjects  of  public  astonishment  {i.e.,  among  professional  calcu- 
lators, hence  not  including  Uuxton).  it  is  no  vanity  toconsider 
himself  first  in  the  order  of  time,  and  probably  fiisl  in  extent 
of  intellectual  power  (extent  of  solution).  Such  is  Colburn's 
estimate  of  himself  as  a  calculator. 

Undoubtedly  Colburn  was  miiitaken  ;  Bidder  far  excelled 
him,  even  at  tbe  time  of  their  meeting  in  iSiS.  But  we  can- 
not leave  the  matter  thus ;  in  order  to  decide  whether  Colburn 
was  led  to  this  conclusion  by  vanity,  we  must  examine  the 
grounds  he  gives  for  it.  Bidder,  he  tells  ns,  displayed  great 
strength  and  power  of  mind  in  the  higher  branches  of  arith- 

>  ThU  is  the  oaly  passage  the  pcesenl  writer  has  found  thnt  even  re- 
motely aiippotli  Biiift's  ••,<«rlioii  thst  Colbiiru  "•fBrtiie  i  platfeur* 
Tepri«««  qa'on  doit  U  consitltrcr  commc  ta  plti*  [[tande  intelliKencede 
la  terre."  It  need  hardly  be  pointed  out  that  by  "iatcllcclual  power" 
in  tile  preMut  contcrxl  Colbnru  nitnu*  fllmplj  "power  ot  calculation." 
Note  tUF  limilar  leltttaca  to  the  "m«Dtaf  qoicRn«M"«<  the  daogltteT 
of  Lady  Maotfleld  above,  and  to  Bidder'*  "■lreD|[lh  and  power  ot 
mlnd," 

'  Prom  theae  erUaeW  the  reader  may  judge  for  himMlf  both  of  Col- 
bam'*  *tyle  and  of  hU  IiiatoricBl  ability  or  inability.  In  the«e  re- 
spect*, as  w«ll  a*  for  the  purpose  ol  illuRiratlng  Colbnrti'*  attlindc 
toward  tii*  own  gift*,  tbey  aeem  to  the  writer  to  be  quite  typica3  ot 
the  whole  book. 
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I  luetic,  tai  amyrtnd  some  qtiestlons  be  (ColbuTn)  wouM  not 
J  like  to  undertake;  but  Bidder  "was  unable  to  extract  tbe 
roots,  ond  find  the  factors  of  numbers."  Now  Colbuni  was 
not  much  of  n  mathcmalioinn,  but  one  thing  he  did  know, 
from  the  roatbemalicians  who  had  examtued  him:  up  to  bis 
own  time,  no  one  had  discovered  any  funeral  method  of  finding 

(the  factors  of  numbers.  Colbuni  himself  had  a  new  and  origi- 
nal method  of  peTforniing  this  o])eratiou  very  rapidly  for  num- 
bers up  to  6  or  7  figures,  and  of  finding  almost  instdntly  the 
roots,  of  exact  squares  and  cubes.  He  conid  not  be  expected 
to  nndetKlaud  that  this  method  (by  2-figure  ending.-*)  wasre«11y 
trivial;  he  did  know  that  he  could  solve  these  problems,  by  an 
origiual  method,  and  that  eminent  mathematicians  were  more 
amazed  at  this  feat  than  at  any  other  in  his  repertoire.  Shall 
we  blame  him,  then,  for  considering  himself  superior  as  a  cal- 
culator lo  any  one  who  simply  excelled  him  in  slrai|;ht  arith- 
metical operations,  and  that,  too,  st  a  time  when  he  bad  given 
I  up  public  exhibitions  and  lost  not  a  little  of  hLi  former  skill  ? 
Colbum  could  appreciate  his  own  feats,  but  could  not  ade- 
quately appreciate  Bidder's  compotind  interest  method,  for 
example;  he  gives  Kidder  full  credit,  however,  for  "  great 
strength  and  power  of  mind  in  the  higher  branches  of  arithme- 
tic," and  for  defeating  him  tn  the 'competitive  test  in  other 
directions. 

Viewed  in  this  light,  the  pias.sage  implies  simply  that  Colbura 
was  honestly  mi.<>tnken  in  spite  of  a  sincere  effort  to  face  the 
facta  impartially.  The  charge  of  vanity  receives  no  support 
from  thiA  part  of  his  book,  the  one  part  above  all  others  where 

■  vanity  ought  to  show  itself.  The  laudator)'  account  of  Bidder 
in  thie  hoadoa  paper,  on  the  other  hand,  can  be  explained 
either  by  a  better  realiuttiou  of  the  difficulty  of  Bidder's  feats, 
particularly  that  of  solving  compound  interest  problems,  by 
faulty  memory  on  tbe  p<art  of  the  reporter  or  bis  informant, 
or  even  by  simple  patriotic  partiality  to  the  Knglish  boy. 
The  War  of  181  a  was  still  fresh  in  the  public  mind,  and 
love  for  persons  and  things  Amerioin  was  not  -•itrong.  Since 
it  is  not  until  1819,  the  year  afler  the  meeting  between  Bidder 
and  Colburu,  that  we  find  any  record  of  Bidder's  solving  prob- 
lems in  square  or  cube  root,  there  is  no  reason  to  dispute  Col- 
bum's  statement  that  in  i8t8  Bidder  had  not  discovered  the 
method-s  he  afterwards  applied  to  it.  So  far,  then.  Colburu  is 
completely  vindicated;  the  charge  of  vanity  rests  on  misinter- 
pretation and  on  a  failure  to  take  account  of  all  the  drcum- 
■  stances  in  the  ca.%. 
(3)  The  third  class  of  passages  need  not  long  detain  us. 
'  Two  of  them  vfe  have  already  examined ;  thate.  namely,  in 
which  Colbum  says  that  Bidder  "never  received  that  general 
patronage  which  his  predecessor  enjoyed,"  and  speaks  of  him- 
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self  as  "first  in  exlent  of  intellectnal  power."  After  what  bitg 
been  said,  a  faiT-minded  critic  will  bardly  attach  serious  weight 
to  either  of  these  pa-tsat^es.  The  ooty  other  one  which  Aeeou 
to  oRcr  any  chance  for  misiindcTstandiug.  even  to  a  superficial 
reader,  occurs  on  p.  bj.  Colbum  is  describing  the  plana  for 
the  projcctwl  l>ool:  for  which  a  comraittee  of  his  admirers  hod 
been  attempting,  not  very  successfully,  to  collect  subscriptions. 
The  book  was  ti>  be  "a  quarto  volume,  with  a  portrait ;  printed 
on  the  best  paper,  in  a  style  of  superior  elegance.  (low  many 
pages  they  [the  committee]  calculated  upon  is  not  known,  bnt 
It  must  have  rcqiiiicd  a  mighty  mind  to  extract  natter  suffi- 
cient to  be  wonb  eight  dollars,  from  the  history  of  three  years 
of  a  child's  life,  even  if  that  child  were  Zerah  Colbum."  Here 
we  have  a  passage  which  may  at  first  appear  egotistic  ;  yet  the 
context  is  surely  not  inordinately  vain.  If  instead  of  the 
words  "Zerah  Colburn"  weread.  "probably  the  greatest  cclcti- 
lator  on  record,"  we  have  said  ibc  worst,  and  simply  sbovn 
another  passage  in  which  Colhurn's  honestly  mistaken  opinion 
of  himself  comes  to  light.  It  is  safe  to  say  that  but  for  a  mis- 
interpretation of  passages  of  the  first  two  classes,  no  one  would 
attach  any  .>|N:cial  Importance  to  those  of  the  third  class  as 
proofe  of  vanity. 

Furthermore,  Colburn  is  in  several  pas^^ages  perfectly  frank 
in  stating  his  own  defects,  In  fact,  one  of  his  critics,  as  ex- 
treme in  one  direction  as  Scripture  and  Binet  are  in  another, 
speaks  of  the  Memoir  as  "an  inane  production,  which  would 
be  tedious  in  the  extreme  except  for  its  absurd  tiaitxl^  and  the 
frankness  with  which  the  author  admits  his  mediocrity." 
{Spfcialor,  (878,  p.  1208,)  The  following  passage  from  the 
Memoir  (p.  104)  will  illustrate  the  basis  on  which  this  critic 
rested  his  estimate  of  the  book  : 

"At  the  period  of  his  entrance  at  Westminster  »:hool,  he 
[Colburn]  was  a  few  days  over  twelve  years  ol<l — quite  old  for 
the  class  in  which  he  was  placed,  but  for  that  reason  better 
able,  as  well  as  by  his  eight  months'  attendance  at  the  Ly- 
ceum in  Paris,  to  get  speedily  removed  into  a  higher  clan. 
During  the  two  years  and  nine  months  that  he  was  connected 
with  this  institution,  he  accumpli.>hed  the  labor  for  which  the 
boys  generally  spent  four  or  five  years.  He  learned  with  facil- 
ity, and  the  continual  practice  preserved  what  he  acquired 
fresh  in  his  memory.  It  is.  however,  a  truth  which  may  u 
well  be  stated  here  as  anywhere  else,  that  the  mind  of  Zerah 
was  never  apparently  endowed  with  such  a  talent  for  close 
thinking  on  intricate  subjects  as  many  possess.  He  was  not 
peculiarly  fortunate  in  arriving  at  a  result  which  did  not 
readily  present  itself,  or  for  which  the  process  leading  thereto 
was  not  soon  discovered.     It  is  for  this  reason  that  be  has 
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been  unable  to  discover  a  prosfKCt  of  bis  extensive  usefulness 
in  matbcmatical  studies,  or  of  justifying  tbe  bigb  expectations 
which  many  bad  reasonably  formed  on  account  of  his  early 
endowment,  and  hence  he  feels  more  reconciled  than  be  other- 
wise might  in  abandoning  the  wisdom  and  literature  of  this 
world  for  the  dnties  of  his  present  important  calling  [tbe  min- 
istry]. While  in  school  be  generally  sustained  himself  among 
the  four  at  the  bead  of  the  class;  but  was  not  remarkable 
either  for  quickness  of  mind  or  closeness  of  application." 

Again,  in  trying  to  account  for  his  gift,  he  says  (pp.  165-6), 
"If  the  notoriety  of  his  youth  was  designed  [by  his  Maker]  as 
an  introduction  to  bim  in  bis  ministerial  capacity,  it  would  be 
ft  natural  expectation  that  bis  talents  as  a  Preacher  would  be 
equal,  if  not  superior,  to  the  striking  displays  of  bis  early  pre- 
cocity.    This  howev[er]  is  far  from  being  the  case." 

One  other  possible  criticism  remains  to  be  met:  it  may  be 
said  that  Colbom's  vanity  is  proved  by  the  very  fact  of  his 
writing  an  autobiography.  But  the  plan  of  writing  a  memoir, 
•s  we  have  seen,  did  not  originate  with  him;  and  it  is  only 
when  (p.  165)  "at  length  his  situation  has  become  such  that 
an  effort  was  necesMry  to  obtain  some  pecuniar)-  means  for 
supporting  a  wife  and  three  little  girls,  over  and  above  tbe 
contributions  of  the  people  among  whom  be  has  been  laboring 
during  the  past  year,"  that  "for  want  of  any  more  promising 
employment,  this  has  been  undertaken," 

The  statement  fccms  to  be  warranted  by  tbe  passages  quoted 
from  the  Mfmoir.  and  the  (acts  pie.sented  as  bearing  on  them, 
(bat  Colbnrn  was.  on  tbe  whole,  free  from  vanity,  end  erred 
only  in  accepting  the  uncritical  popular  estimate  of  himself. 
£vea  here  bis  error  was  far  les.*  than  we  might  have  expected; 
lo  fact,  the  wonder  i«  that  a  child  who  was  so  coustancly  before 
the  public  in  his  earlj-  years,  so  prated  :iud  marvelled  at  by 
famous  malhematicinu.-(  as  well  »s  by  popular  atulitrnces,  did 
not  develop  into  just  tbe  sort  of  vain  fool  that  Scripture  and 
Binet  have  accused  him  of  being.  But  if  be  ever  had  any  illu- 
sioss  iu  this  matter,  the  hard  knocks  of  bts  later  life  effectively 
removed  them.      In  the  Memoir  he  stands  before  us  as  the 

Sinslaking  and  comtcieiitions  historian  of  "a  ver>-  remarkable 
:t  in  the  annals  of  the  human  mind";  and  while  he  is  not 
alway  skillful,  and  at  lime.t  becomeft,  it  mu.-»t  be  confc».sed,  too 
much  of  n  preacher  to  be  an  ideal  historian,  his  book  must  be 
taken  seriously,  as  an  imponanl  contribution  to  the  literature 
oa  mathematical  prodigies. 
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appendix  u. 
Gknkrai.  Tadlk. 

The  following  table  gives  a  bird's-cy«  view  of  the  more  i 
portant  mathematical  piodif[ies,  for  convenience  in  compari 
tbe  dtSeient  men.  In  the  column  headed  "beredlty"  ate 
found  such  possibly  relevant  iacts  as  arc  known  about  each 
man's  parents  and  reUtives.  In  the  next  column  is  a  brief 
account  of  the  circumstances  attending  the  "  development"  of 
the  calculating  power;  prctodty  here  refem  only  to  calculation, 
unless "  all-round  precocity  "  is:«pcctficd.  Under  "education  " 
are  described  bolb  the  general  and  the  mathematical  training 
of  the  calciildlor.  The  next  column  deals  with  the  scope  aud 
methods  of  his  mental  calculations  ;  tbe  next,  with  his  figure- 
memory  (extent,  etc.),  and  his  probable  memory  type;  a  few 
facts  about  his  memory  in  general  are  added  in  one  or  two 
cases,  but  usually  this  has  not  been  considered  aecessarj-.  la 
tbe  last  column  are  noted  other  peculiarities  of  the  calculator, 
whether  connected  with  his  calculations  or  not. 

It  has  not  seemed  worth  while  to  extend  tbe  table  to  other 
prodigies,  owing  to  the  meagreness  of  tbe  available  data,  and 
tbe  sacrifice  of  compactness  that  would  be  involved.  It  ii 
ho|)ed,  however,  thnt  the  table  here  given  will  be  found  help- 
ful. Every  effort  has  been  made  to  tender  it  accurate,  and  at 
complete  as  was  consistent  with  the  desired  degree  of  condeosi- 
tioD. 
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The  Pivckolo£y  of  Keadini. 

'  AfofetHimis  0/  the  Eye. 


Ah  Experimental  Study  of  the  fieadimg 
Pamset  and  Movetnents  0/ the  Eye.  WAtTKK  Fknno  Dkakmokx, 
Pb,  D.  Archives  ol  I'hilasuplij,  PsvcbolOKy.  and  Scientific  Meth- 
oil«.  No.  4.  Marcli,  1906.  The  Science  Ptesa,  New  York,  1906. 
pp.  I3». 

Dr.  DeArborn's  uudy  mark*  a  material  adYsnce  upoa  the  work  done 
tbns  lar  npon  the  movctnent*  and  pante*  of  itae  ejie  ia  rendiof.  nis 
primary  object  wn*  "to  dclcttnlne  with  exactness  the(»rin  nod  cbnrac- 
tcr  of  tliiT  muveiiicnl  of  the  eye  ia  renditit;,  and  to  define  or  plot  tb* 
po«ititiDi  on  the  pnge  which  coneipoiid  to  the  *o-ca!led  fixatioci  or 
rcadlnji;  panveiol  the  eye." 

A  modification  of  the  Dodue  falling  plate  camera  was  aa«d,  givlnx 
"coiitinnoua  pbotottrapht  ofthc  horizontal  movetnent*  of  the  corneu 
rel^tction  made  upon  a  slowly  fallinif  pbotogrdphic  plaie  of  K^cat 
•eDiitivcue^ft."  The  timi-  of  the  movement  is  marked  on  the  plate  hy 
the  aUemnte  ailtniiiion  nnd  exclution  of  light  bjr  a  apring  pendulua 
oacillatiug  bcfoie  the  pintc. 

The  ^lace  of  the  fixation  ^auaea  waa  determioed,  (or  the  moat  ]>an. 
by  projecting  Ibe  oiigiunl  pbotofttaphtc  tecoid  npon  a  ttereoptkOM 
aereeo,  mnguifyitig  bikI  ailjuatiiiK  thia  teotd  to  coiocide  with  a  draw- 
JBK  on  the  Kcreea  represeadng  the  length  of  the  lines  of  print.  A 
drawinK  of  the  iccoid  could  theo  he  made  which  could  be  placed 
"over  the  Hues  of  llie  proper  pages."  The  markltis  of  the  fiiatloa 
pause*  "  is  Bccumte  to  the  limit*  of  a  ainxle  ■mall  letter  of  a  newt*- 
paper  page."  save  for  cenoln  imMttant  Mmrcc*  of  error  noted  \rj  Ibe 
author  as  due  to  movements  of  lae  h«ad  and  to  the  neiui-nystagmatlc 
mnvements  of  the  eyes.     Eight  adnlta  and  three  children  were  leited. 

The  rate  of  moTcniciil  -ma  found  to  vary  conxtdciably,  bat  ou  the 
whole  the  measure  men  t*  s^rrc  with  those  made  by  Dodga,  aud  the 
lati^  ia  too  fast  for  perception  during  the  movement.  However,  same 
rcjuleia  made  certuin  slow  ahiftin);  movcmeuta,  sometimea  ten  to 
twenty  timcf  slower  than  the  naual  mi>veme»t.  accompany  lug  th* 
tnoTcmeuts  uf  the  atteattou.  These  Bhiftiuga  are  cloMed  ae  fisatioai, 
•fnce  they  furnish  daia  for  perception. 

It  was  found  that  the  eye  readily  falls  into  a  brief  "motor  babk"  o( 
making  a  certain  fixed  nutiiber  or  snccesiion  of  nausea  per  line,  for  a 
gtlvcn  passage,  and  independently  of  the  nature  of  the  tubjccl  taattet. 
Fast  readers  do  this  etjiecinlly,  kod  most  ickdily  in  the  tbartcr  liaM 
of  uniform  length.  The  first  patiae  in  each  line  ia  the  longeit  one, 
the  eye  seeming  10  take  a  general  Enmrnsry  at  first,  and  tneie  is  a 
secondary  long  pause  near  the  end  of  the  line.  At  these  pauses  the 
BitcRtioti  is  Ihciugbt  to  expand  and  a  more  general  perception  i>  M- 
cured. 

The  exact  point  fixated  may  be  in  any  part  of  the  word*,  or  Is  the 
spacing  between  them.  It  apparently  "  pays  little  attention  to  many 
of  thcTaWR  of  auperccption  or  the  rules  of  the  rhetorician."  These 
exact  points  of  nxation  are"»ignificant  onlyas  repreientlng  the  point 
about  which  are  grouped  the 'block'  of  letters  that  arc  simultaneously 
perceived  as  one  word  or  phrase  complex.  It  more  often  falla  in  the 
first  third  than  at  the  centre  ol  r  given  perception  are*." 
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More  panae*  arc  made  wilh  teUtivc  pronontia.  prapoti lions,  con- 
jiiucttoas.  auzllfarir  vcrb»,  and  numerals,  tbati  with  jtabsUattTea.  ad- 
jective*, etc.  Tbe  p«Dici  ore  longer  tuiA  more  uumcron*  Id  reading 
•lawlv.  ReaiUdi  whrii  aslced  to  rv-ail  as  (a*t  us  ijosilblc  saved  nearljr 
oae-tbird  of  the  time  usually  taktn.  and  the  aumber  of  panics  vna  re- 
<luccd  nac-third.  Hyc  futiKUc  <r«a  found  to  incieuie  the  number  and 
duration  ot  tUc  fixation  luianc*. 

Very  gTe*t  iHfferences  were  found  in  the  rate  of  readiUfC  when  the 
•abject*  were  ffivcn  matter  of  special  interest  to  esi^h.  and  Iherv  iras 
tbe  tame  raufcing  In  rate,  wttli  Kinaller  di(ter«nce«,  tor  aU  elaM«iaf 
readfug  matter.  Rate  diHereDces  tiet<aeeu  individuals  and  intheaamc 
individual  ore  tbotiKbt  to  depend  largely,  wbeti  other  conditions  are 
constattt  In  "  tbe  «aHC  with  wliicli  n  icxulai  tbytbiuical  movement  I'sn 
b«  e«tabli«bcd  and  suMalned,"  cousiHtiug  of  a  rcgnlar  nnmber  of 
pKnMi  per  line  and  a  fiirlj-  unifottn  arranKcment  ill  the  order  of  loiij; 
And  iltiort  paunei.  I.inca  ol  moderate  and  practlcBlly  uniform  l«ngtb 
fuiei  tlicae  conditloua  best. 

Children  were  not  found  to  bav«  a  difFerent  rate  of  eye  movemeal 
from  ailolla,  hut  Ibeir  fisation  pauses  are  more  ficqueot  and  trneta,Uy 
longer,  though  (lalte  thoct  ones  oc«ur.  Their  "accuracy  of  6xation 
appears  as  eicaec  as  that  of  the  adults." 

Pr.  Deacbofu'ii  i-tud<r  ^ivrE  evtdcnce  of  caic  and  thorou](hfteaB  oa 
tbe  main  painis  mudled,  and  prcMuta  a  uunilie.-  of  minor  obHervBtiona 
and   interpretation  a  which  will  be  of  value  to  thosr  who  study  tbe 

riabjoct  further.  KnMVNi>  It.  HcEV. 

X-'AUemtion  sfiontanJe  dant  ta  fir  ordituiire.  tf  tts  appiUatioas 
pralifuet.y>y  Rohricii.  Revne  pbilosophiqoe,  'No.  8,  Aobi,  1906. 
Treute  et  uni^ina  anute.  pp.  IJ&-I56. 
.\ii  clement  of  rolition  characterizes  all  attention,  vet  apontancon* 
and  voluntary  attention  are  to  he  definitely  distinguinbrd.  Spoiita- 
neuuB  HtteDtioa  is  dlscuMcd  under  two  aipects,— ifriinitlvc  and  apper* 
ccpliTc. 

Primitive  nttrntion  mark*  esaentially  the  capacity  of  the  child,  or 
of  the  nneultlvated  man.  yet  it  la  a  nio»t  Important  factor  In  the  life 
of  the  scholar,  or  the  artist.  It  is  rcatricted  to  the  interpretation*  of 
tocli  patttcutar*  ol  tbe  extcrnnt  world  as  are  accetaibte  to  the  *cui*a, 
and  it  ubaolntely  ucceaaary  in  putting  the  mind  io  posBesalon  of  ele- 
lucQtary  facts  preparatory  tocUsBigcation  and  geoeraliialEon.  Moliire, 
Rotnueanaud  /oln  excelled  In  this  power,  while  in  Voltaire  and  Racine 
it  waa  markc<lly  Isckln);. 

rTlie  law*  of  primitive  attention  are  na  follows: 
1.  According  as  the  itidividual  i*  more  or  let*  attentive,  the  time  ol 
reaction  after  perception  i*  shortened  or  lengthened. 
1.  Ilowever  vivid  the  stimnlua,   primitive  attention  cannot  fi»  an 
object  lor  more  than  a  few  second*  at  a  time. 

\.   In  every  chaige  from  ouc  perception  to  another,  time  mnst  be 
allowed  for  tbe  exercise  of  jndgment  upon  this  change. 
^K     Tlie  p»yc bo. pedagogical  rates  Iwsed  upon  these  laws  are: 
^f     I.  To  hold  the  atteDtlon,  imprcseions  munt  move   progrcflsively  in 
intensity  or  vividneia.     (This  pTO);res*ion  *oon  reaches  a  maximum.) 
a.  After  each  imprcwion,  a  delay  for  recovery  (neither  too  long,  nor 
too  short?  must  be  allowed, 

3.  To  wakcD  primitive  attention,  the  presentation  must  b«  nicely 
deter  nlincd. 

4.  Inipresaions  of  a  different  nature,  when  they  relate  to  the  same 
object,  may  b«  allowed. 

5.  F^imflivc  attention  i*  the  most  certainly  aronaed  by  contioit 
among  snecessive  or  simultaaeon*  imprcMions. 

JOVRXAi/— 10 
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In  app«rc«i>tlTcaUetitlon,  the  ticir  ItapreasioD  i«  relafbrced  hymtS' 
lal  coDlcnt*  similar  to  il*«l(.  It  I*  not  ie*Uy  ii>di(p«ii«able  that  tbti 
rcinforoiD);  nuuR  be  lojpcally  co-ord i iiaicKl .  or  irifntirirallf  clauifinl; 
yet.  tu  Hccur*  tbc  b«st  rctulti.  the  appciceptioa  iilioald  be  tmivtaliy 
pteparcd.  RabeUU  aod  Rousscao  wctc  wasters  in  ibu  kind  of  prc- 
puatorj  wofk.  The  failare  of  Ponipcy  aad  Cicero  maj  lie  traced  to 
the  want  of  tbi*  power  to  bold  tbc  atieuilon  u(  the  pnbtk,  JuHn* 
Cie«ar  wai  pfc-cmioentljr  succewfot  in  thii  direction.  To  (kill  iu 
prep«rJo2  for  apperceptive  attCDiion,  ia  due  lta«  trjuslpb  ol  r««liiiil 
over  idealiBm. 

Tbe  fnDdameDtal  Uw  o(  appercepltTC  attention  ii : 

In  every  ■pnfebenaJOB  which  U  not  directed  by  the  will,  the  accu- 
racy and  rapidity  of  nndtratandlnfclncrraaeiu  proportion  to  tbe  exieiit, 
tbe  TMtcty,  and  tbe  jndicioa»  co-ordination  of  the  a«ioctatioti»  of  tbc 
■iC()uirc>i  ideas.     Upon  tills  arc  bj.<«il  the  followiiij;  rnlea: 

t.  Iu  apper«cptir«  attention,  it  Is  not  indlspenMble  tbat  the  preMii- 
tation  be  new,  bnt  it  innat  »rem  to  hr  new.  Racine.  GItick,  Goethe, 
Chalcaubriand,  bad  tbc  power  of  prctcminK  well-known  tef[cnda  in 
•neb  a  way  that  tbe  idea*  poueaaed  all  the  attraction  of  original 
creations. 

3.  To  facilitate  apperceptive  attention,  tbe  content  of  tbe  new  siu« 
be  ■(milar  to  lh«  old  experience,  but,  by  oo  tncani  Identical  wltb  il, 
(Tbe  t ed ion Bne«s  of  copying  illustrates  tbis  point,} 

3,  New  notion*  mu«t  be  connected  with  ola  experience  by  mean*  of 
trantltioiml  iiotlonn  wblcb  tihiHlc  >;ta<IuAlly  from  tbc  old  into  tbc  new 
content  (The  Odyssf  >■  of  Ilomef,  the  DialoKue*  of  Ptaio,  the  trage< 
dies  of  Sophoclc*.  illu»lratc  sdmirably  tbe  xigiitficancc  of  sucb  traiui- 
tlonsa«a  means  to  bnldin];  the  altoitiou,) 

4.  Between  two  culminaliiii;  points  of  apperceptive  attention  a 
pause  should  be  made.  TliU  pnii«e  cannot  be  TCK»r<Ied  as  a  definite 
cciiation,  but  implies  rather  a  kind  of  MHckealng  of  activity,  by 
meana  of  wbicb,  a  more  perfect  oHimilotion  tbrongn  talent  or  uncoa* 
•clons  cerebration  may  be  secured.  Without  thu  paube  after  a  cul- 
minatiox  l>Qint,  tbe  attention  may  not  be  secured  for  th«  terond 
point.  Tbis  i*  explained  on  tbe  (^und  of  tbe  fatiKiiiiii!  nature  of  ap- 
perceptirc  atteilllon.  Appcrccplioa  is  always  a  source  of  emotion 
more  or  le»«,  and  while  it  consl»ntly  satisfies,  it  consianlly  K'ves  dm 
10  new  expcctntioti,  wliicb  impliri  s  contiaut  outlay,  and  n  eonieiiaeni 
exhaustion  ol  cuciiicy.  the  renewal  of  wbicb  demands  at  Icaat  an  ap- 
ptosimate  rest  after  a  period  of  mental  activity. 

Makcakkt  Exiveh  Surra. 

Mtntat  and  Moral  Herfdily  i«  ftoyalty.  A  StalittUat  Study  in  Hii' 
lory  and  Piyckology,  by  FBEDiiiiiCK  A.  WOODS.  New  York, 
Henry  Holt  &  Co.,  1906.  pp.  VI,  311. 
Dr.  Woods'  book  \»  an  nmpliUcatian  of  a  neilea  of  articles  pnblisbcd 
during  the  ls»t  few  year«  Iu  the  "Pouular  Science  Monthly."  Tbe 
preface  stales  that  it  was  ntittvn  iu  tlic  hope  of  contributing  tome- 
thing  ton  knowleilgeoftbescience  of  history,  but  it  is,  however,  rather 
a  contribution  to  the  psycboloi^'v  or  the  comparative  p«ycbUtry  of  his- 
torv.  The  ■nslyses  of  the  vnrlnus  royal  fnmily  trees  are  minute  and 
pniustakiag,  but  it  seems  unforlunslc  that  the  author  should  let  biS 
blologicHi  eiitliusiaHm  hi<le  tbe  souud  principlcsof  inodrra  ptycblatrv. 
Because  the  family  trees  of  royal  bouses  ore  so  minutely  recoideil, 
tlicy  offer  a  splendid  opponunity  (or  the  study  of  the  question  of  men- 
ial heredity,  and  yet  it  appears  to  us  that  the  author  bat  not  made  the 
best  use  of  available  historical  facts.  Becanse  certain  member*  of  s 
family  suffered  from  a  vasne  disorder  known  a*  insanity,  and  certain 
descendants  or  colUtcral  individuals  of  tbia  family  suffered  froms 
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like  dUordct,  1(  no  proof  of  the  hereditary  ba«i«  ol  the  tnental  di<«aac, 
nntcH  wc  arc  nblr  to  stHtc  the  exact  onlure  and  cause  of  lite  malady. 
Tcrai*   like    inianily,  poychuiia.  or  imiicciluy   foimd  affiled  to   the 

■  DMines  of  Taiioui  loyal  pcnoDattet  througboul  the  book,  nic  tticr* 
bint*  that  Ibc  Ncuicst*  of  heredity  i»  at  work  t;riiidiii)(  ilowly  tint 
»nrcl}>.  mew  term*  fail  to  furaiih  the  more  exact  information  of 
what  particular  type  of  mentnl  i)ii«N-ic  va*  trniKmiltcd.  Periodic 
rteprcHioo*  aud  exBltatioii*  (inanic-il?pre»*lve  jnKanity).  the  deter  iora- 
lioo  aMOclated  with  the  ailuli  unset  ol  cborra  ( HnntitigloiiS  cliotea), 
certain  type«  of  adolescent  inianity  (demcniio  pru^coxj.  moral  >U'fi- 
ciencie*,  alcohol i Dm.  orrpiicpsy.  ate  ]urti>'iilHf1y  pioiir  to  run  hi  (-eriain 
fa  mil  let  and  appeal  at  like  or  etoiely  allied  iliiorileri  in  tbc  oSipiing. 
It  i»  only  UDdcr  theic  cundiliono  that  ve  iron  ipeok  of  ■□  hercdilaty 
Stigma.  Hut  if  an  ancestor  became  iuaauc  from  trauma,  or  waa  the 
victim  of  a  febrile  delirium  or  of  some  poison,  acctdentally  ln|{«sted, 
and  if  a  tnental  di*en««  of  n  diSerent  or  even  of  a  like  accideutal  type 
fppesrcil  in  the  oChprinfEof  collateral  hranchei.  it  would  be  iraotoeud- 

»jii(l|  all  facts  to  apeak  of  heredity  under  these  conditions.     The  classi- 
ficatioD  of  intellect  and  morals  into  tcu  grndcs,  while  Ddinimlile  (or 
the  purpose  of  comparative   study,  is  rather  nrtilirikl  and  docs  not 
poMoaa  that  lli-xibllity  which  l»so  characteristic  ol  iudiTi<lual  moral 
and   nental  tendencies.      While   the  book  lack*  in   the   few  detail* 
^L  pointed  out  nbo%'c.   yet  othertrue  il   l*  admirable  a*  a  ttndy  of  the 
HpsycboloKj  of  tilitoty  and  ol  the  rcleiitlea«];raap  of  general  taereditarj 
Hjactora  on  certain  familiea.     The  nae  of  Galton'i  law  of  anccairal 
BSicredity  and  of  modern  biotnelrical  methods  is  a  norel  one,  the  reaults 
■•r*  admirable  and  worthy  of  a  wider  application.    The  book  takei  np 
Hin  detail  the  difierent  bouse*  and  branchea  of  tbe  principal  European 
V  countrlca,  while  the  bibliofiraphy  I*  onusaally  complete  nud  offera  a 
good  workin|{  basi*  for  all  future  lnvesti(;>Iors  along  these  liues.    Tbe 
itlnatratu*  are  admirable,  eipccially  those  shnwing  (he  Ilapibiirg  lip. 
The  Tarlon*  table*  and  pcdigrrcs  of  the  different  royal  families  ahow 
a  wide  grasp  of  the  subject  ami  enable  one  to  tell  at  B  glance  the  men- 
tal and  moral  attribntd  of  tbc  varioas  royal  petaonasei  and  their 
relation  to  oue  another  in  the  same  groap,  I.  H.  CoRtAT. 

L'AnnJt  piyihologique.  Public  par  A.  BiirBT.  Donxi6me  ann^,  1906. 
Paris,  Mn»OD  et  Cic.     pp.  67J. 

This  volama  of  the  Annff  fiythologique  dlridcfl,  in  the  usaal  way. 
Into  original  artkleFi,  geuetal  reviews  uf  the  pail  year,  and  critical 
notice*  of  paychological  works. 

The  original  article*,  althongb  sot  all  equally  talisfaciory,  are  of 
quite  exceptional  range  and  ioiereat.  and  the  editor  is  to  be  beartlly 
congratnlated  upon  the  rariety  and  quality  of  the  work  which  he  baa 
broaehl  together.  Tbc  *erlc*  open*  with  n  paper,  bv  HM.  Binct 
and  Simon,  on  phyalological  and  •ocial  poverty,  in  which  the  author* 

Staking  advantage  of  a  recent  proponal  to  i»uc  medical  report-carda 
or  school  children)  reconimctid  certain  niclbods  of  leitiiig  children 
for  backwardnea*,  etc.,  with  ■  riew  to  the  jmter  distribution  oi  stale 
aid.  In  tbe  following  article,  M.  Bonaicr  dlscnucs  the  mental  statu* 
of  tbabMa,  and  decidet)  for  intelliftencc  a*  againM  rellcx  action,  U. 
Trevea  conttibntcs  an  elaborate  study  of  work,  faligne.  and  effort,  in 
the  course  of  which  be  describe*  new  inxtrumeiits  and  method*,  the 
result*  of  which  lead  to  valuable  and  definite  rcsnlts.  M.  de  Sanctia 
di*cns*e*  the  types  and  degrees  of  mental  defect,  and  indicaici  a 
method  of  test.  M.  Bourdon  present*  in  experimental  iuvcstlgation 
of  tbe  inBneiKC  of  ccstrlfngal  fotce  upon  tbe  perception  of  the  verti- 
cal. M.  Blarlogbem  write*  ntxin  the  Idea  of  species  and  the  theory 
,of  mniatloB  as  set  forth  by  aeVries.    M.  Bin«t  eaiers  a  plea  for  a 
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i^iloaaplij  of  mind,  in  the  conrse  of  which  he  scoreo  nnmcKifnlt^ 
Haeclicri  icccnt  RiddUi  of  the  Vnivcr^t.  SJ.  Bobn  criticuea  th« 
letiiifi  tro]ii«it].  rtflcx,  nml  inttrlliKcncr,  Rnil  «T«k*  to  abow  thdt  the 
work  of  JcuntiiKi  i*  the  compUment  of  that  of  L>o«l>,  H.  Larjinicr  des 
BABCeU  contributoi  tin  imporunt  stkI  verj  readable  pftpcr  »i>  llic 
paycholoey  of  evidence.  H.  Bind  «nter«  upon  ccnii<B  quctt;ioa«o( 
•cieiitifi<^  pedsftof-T.  di»CUMinK  in  collaboration  with  M.  Simon  the 
mcBiurcmcDt  of  viaaal  nod  anditory  ocnitjr,  and  in  collaboration  w:th 
M.  Vana^  varloua  icMs  of  intclllKeitcc  aui)  the  cotnct  attitude  to  b« 
adopted  ID  writing'  U.  ClapBrfdeiupplieflacriticol  article  npon  the 
paycboloiiy  of  the  coort-room.  Finally,  Proleuor  Hach  givca  a 
ancclaci  accoaot  of  hta  views  npon  the  relaiiou  of  pbyaics  to  pa^ cbol- 
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There  follow  general  rcvtewa  of  a  nnmbct  of  ficldx  more  or  Icm 
directly  iclaieil  \a  pfycholoKy:  anntouiy  o(  the  ucrrom  »y»tow  (Van 
Gehuchten:.  fsencral  physioloKyof  uerrc  cells  at>d  fihtes^Friedertcq^ 
aeunnlioii  (Naelli  pcdatiogy  (^"*'>^)-'^*''>'t>c*  (^''<'<'")i  l>QKu<*t>>'* 
(Uelllet),  coinparatUe  p>}-cnolo|^  (Bohii).  crlnlnologKal  *tHtl>>I>ra 
( LacaMacae  and  Martin}. anthrouolOKy  (Dcnikcr',,abDornial  pay.ifaul- 
OKy  (Decroly),  mcta  pay  chics  (!)  (Maxwell).  rcli|tioaa  p>ycholoicy 
( Leuba).  phtlOHopby  (Mnlapert ),  mcotat  pathology  ( Leroy ),  patholoK; 
of  the  neiToua  sysiem  (Guiltain).  The  consequence  of  this  extended 
proKTammc  ii  ttiat  very  little  space  is  left  for  critical  notlcca  of  psy- 
cbaYoKJcal  bookaand  articiFi;  no  that  we  have  ibe somewhat  par«doxi- 
cal  resnlt  of  an  Annie  piyfhologiijut  with  the  central  and,  peihapt, 
the  inoti  important  aspects  of  psychology  crowdol  out.  I  be  editor, 
however,  hopes  to  remedy  this  defect  in  fntnrc  nnmbm  by  bringing 
all  the  principal  dirialouB  of  paichology  within  the  doaaiD  at  the 
Ketienl  review.  H.  B.  Winthr. 

Outlinti  of  Ihe  Evoluliom  of  Weie^U  and  Meaturet  and  Hit  AMrit 
System.  .  Uy  W.  Halu>cic  and  11.  T.  Wadk.  New  York.  The 
Macailllan  Co.,  1906.     pp.  xl,  304- 

The  authors  of  this  work  propose  "locoii«tder  briefly  and  aysienb-' 
atically  the  general   history  of  weighta  and  tnrasotcs.   the  acienti&B 
nictbodii  by  which  acitc  and  atandarda  have  been  determined,  the  con- 
ciele  «taD<tsid4  hy  which  the  unit*  arc  reprcaetited.  and  the  present 
aspect  of  modern  systems  of  weights  and  rueasure*.  tOKCtber  with  the 
diBicultie*  aiid  advAuIRNcs  liivolved  in  any  proposed  chanices."    They 
have   accorillngly  nloipd  to  supply,  fit^t,  an  IntroduMion  to  metro- 
logical  scifucc   liesiKned  especially  for  the  sindcnt  entering  on  tbe 
lludy  of  physics;  and,  secondly,  such  a  discussion  of  the  prevent  sts- 
tns  as  may  load  10  ati  liiteltlgeut  uiiderstaiidiuK  of  the  issnea  IotoItoI 
in  the  proposed  mlcplion  of  trie  metric  system  b^  Hnsllsh-spcakint 
peoples.    The  ten  chnplers  into  which  the  work   is  divided  deal  wito 
the  beKlDoinK*  and   development   ol  the  science  of   metrology-,    the 
originid  develovuK^nt  of  the  metric  system;   the  extension  of   this 
system  ibronghoat  Europcaiid  elsewhere:   the  weights  and  iiieaKuic* 
of  the  l.'ulte<l  State*:  the  character istlca  and  principles  of  the  moderu 
metric  system;  its  use  in  commerce,  in  manufacturing  and  cugincer'     j 
lag,  and  \a  medicine  and  pharmacy;  the  international  electrical  nnitaS     I 
atar)dsrds  anil  conipRrisoli,     An  appendix  gives  tables  of  CijniTHlent^     * 
and  useful  coustants. 

The  anthors  have  ibu*  compiled  an  interesting,  and.  %ti  far  as  tb^ 
layman  may  Jadge,  an  accurate  and  useful  book.    Thcm^iclTea  sup" 
porters  of  the  metric   propsijanila.  they   hare  not  overloaded   Ihel^J 
pages  with  controversial  matter,   but  preserve  throughoat  atone  tr'^ 
scfentilic  ImpHitlality.     Numerous  re fe re ncc*  to  original  aoorces  en»--^ 
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iboio  il«(irc«to  prosecute  bia  fttndiei  (nrlberfoT  him- 

P.  E.  WisTieK. 


I 


£ilayi.  Von  Wiuiulm  WttN'i>T.  Zircitc  AuflsKc,  tnit  ZDiXlien  uud 
Anmeikutixcci.  J.«ipii|(,  W.  Hngtlniaciti,  1906.  p;i.  vi,440. 
TIk  Bisayt  of  iSSj  have  loac  bpen  out  of  ptint,  and  muiijr  pa^cbolo- 
gist*  niut  bavc  cntettamcd  ine  hope  that  Ibelr  aulhof  would  hduic 
3*y  briuf!  out  ■  new  edition  ol  them:  an  rdiliou  ciiricbcd,  ptrbcpa  by 
ttM  a<lditioii  of  Tarioui  important  article!  Irom  the  PhUMOfrhisoe 
SfmdUH.  The  new  edilton  tlas  now  appcacoii.  and  in  a  Kui'c  wbJcta 
makci  the  book  one  of  exiraordiiisfy  imercst.  I'fi>le«"or  Wuudi  baa 
repiiotol  Ibe  oriKlnal  caaaya(w]th  tbe  exception  of  thr  two  ou  AqiiubI 
njKhoiogy  and  on  Peeling  and  Idea)  practically  witboal  chnnKc  and 
baa  appended  to  each  eaaay  a  poatKclpt — aonictlmcii  i:oniii!iiiiii{  o( 
■  couple  of  hlatorical  or  autobiographicnt  pamgrapba,  sometimes 
•moutiting  to  a  aewaod  separate  trcutuieutof  the  aubjcci — ezprcwing 
hi*  preaent  views  upou  the  topic*  dlHCuaaed.  We  tbaa  bare  before  us, 
lu  tbe  K-ords  of  tbe  prefuce,  '■iwei  Bpocben  wriaaenschaitlkben  Den- 
kcni  ta  twci  leitlicb  Kctrcnolcu  Bildcrn  clnanilcr  KegciiUbcrKestellt." 
There  ii.  prob«bly,  no  alngle  volume  which  Writer  hbowa  tbe  develop- 
tuent  of  pqycholoirir  during  tbe  past  twenty  yearn,  or  which  bring* 
home  more  forcibly  to  tbe  reader  tbe  range  and  depth  of  Wundt'a 
influence  upon  that  derelopincut.  P.  B.  Wintrk. 

7%e  German  Univenilut  and  University  Study.  By  P.  PAiiutXii. 
Auiboriicd  tranalation  by  V.  Tbilly  and  W.  W.  Blwan^.  New 
York,  Cba*.  Scribner'i  Sons,  1906,     pp.  xvi,  4JI. 

Professor  Paolscn's  book  on  Gciiuan  Universitici  is,  as  Professor 
Tbilly  put*  it  in  hia  introduction,  ''  tbe  nio«  h«ii»(*ctorv  cxpoaltioa 
of  nniversitv  problems  and  tbe  moat  helpful  practical  guide  In  solving 
tbem.  that  bas  been  published  in  recent  yrars."  And  the  present 
transUtlon  will,  no  doubt.  Mtitfacioitly  replace  Hart'fr  "Geroiun  Unl- 
Tenilien"  for  the  Bnglish -speaking  reader;  that  work,  excellent  tt*  it 
ia.  dates  from  1874  and  is  conaequetilly  cjujie  out  of  date.  Profcsaor 
Paultci:  Tirtl  i;ives  an  outline  of  the  hiBtorical  developmcut  of  the 
Gcrtnan  university,  and  diicntaes  tbe  modern  orgnnizBtiou  of  the  ttni- 
vcrsitie*  and  thcii  place  in  public  life;  then  piocccdi  10  diacaia  in 
detail  the  fuuctiuu  of  tbe  uuivertlly  teacher  and  the  idcalii  of  univer- 
sity teaching;  paues  from  teacher  toatudeni,  and  from  intlruction  to 
•tudy;  and  cloie*  with  an  account  of  the  particutat  univerxiiy  facnl- 
tie«.  Tbe  volume  end*  with  a  blbliograpby,  a  Hat  of  the  German 
nniversitiea,  and  nn  index  of  nomei  and  suhjects. 

The  trantlation  ia  for  the  moat  part  aoceptkble,  if  it  ia  by  no  aieuia 
brilliant.  "Talmi-elcgance"  it  not  a  woid  that  one  wonid  care  to  see 
incorporated  in  the  language;  and  "it  would  not  be  dignified  to  write 
tat  sucb  "  ia  not  a  aentcucc  that  one  c»n  qualily  aa  even  tnlmi^elegaut. 

H.   B.  HOTCBXIBS. 

I  New  fnterprelaticH  of  Herbart'i  Psy^ology   and    Edueational 

Theory  through  the  PSitofophy  of  Leibnii,  by  John  Davidsox. 

William  Blackwood  and  Sona.  Edinburgh  and   London,   1906,  pp. 

191. 

Thi*  treatiae  la,  vHtb  ■  few  nodi  Scat  Ion*,  a  tbeai*  accepted  by  th« 

Senstus  of  Edinburgh  University  in  190$  for  tbe  degree  Of  Doctor  of 

PblIo*ophy  and  is,  to  qnote  tbe  words  of  tbe  author,  "on  attempt  to 

glva  a  general,  and,  it  i«  believed,  a  new  interpretation  of  Herbarl'a 

psychological  and  educational  tbeoiiea  ao  as  to  show  the  adequacy  of 

nla  fundamental  conceptiona  to  meet  at  least  some  of  tbe  demand*  of 

a  science  of  education.     In  particular,  there  It  an  attempt  to  show 
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first.  tb«i  Hertuirl'*  pc^ohologi^kl  itAndpoliti  \»  tU«  onl^r  iDUlllg 
Kod  worlcttble  stBudpoint  for  the  practicat  teacbcr;  aad,  lei^ood,  thatl 
fiom  Ibix  lUrndpoint  ■ach  dcfiaitc  coouotations  can  be  given  to  tb« 
(crii»*o(il  or  mlad.  feDOtring,  fccllo([,  vrill,  lciivr«»t.  aud  habit,  tbat 
the  tcTms  so  connoted  beconM!  Ki«Dti&c  and  guiding  cooccpta  (or  eda- 
cational  practice," 

Tlir  aDifaor  firot  dUcnMco  »ome  of  the  critics  of  Hcrbsrl.  dUscotlne 
Iroin  IbOM  who.  fiom  tbc  Kantian  point  of  vi«w,  i«^nl  the  tbcofctlcal 
foundations  of  Ilcrbart'*  pedagogy  ai  ihoroDf[bly  unEtalilc.  and  from 
ihc  notilioii  lakcii  by  Dr.  Hsyward  and  otbcr  Hcrbarttaus,  wbo.  while 
admitting  the  incomplclcnc&s  or  even  erroneonsneta  of  flctbart'* 
mctapbyiic*  and  psycholojty,  maintain  that  tbi*  in  no  way  militnies 
■KaitiBt  Ihc  i^Acccil  value  of  bis  cdacational  doctrines,  which  were 
not  deduced  from  bis  philoaophy.  Dr.  Daridcon,  on  the  contrary, 
maintnina  that  if  the  Ilcrbarttaii  theorjof  education  works  in  prac- 
tice, It  Implies  a  xound  pave  ho  logical  Itirory  aiid  Ihat  the  loKkal  pro> 
cctiurc  is  toiiuestion  whelber  Hctbart  has  bc«n  rightly  iiitcrprctrd. 
rather  than  to  oasutne  a  couliodicliou  between  theory  and  fact.  He 
finds  the  l:cy  to  Hcrhatt  in  the  pbilosopby  of  Lelbniie  aiwl  throa|;li 
this  oilers  a  new  inter  pre  tai  ion  of  Hcrbart.  tn  order  to  (uake  the  re- 
lation  clear,  he  dcToIes  three  chapters  to  Ibc  I,«ibnttian  pbilosopby, 
disriuiln^  cnccrsslvcly  I^lbnli'S  pbilosophtcal  prlciHples.  hit  (viycho- 
logical  atsndpoint.  and  his  theory  of  feeling  and  will,  He  tbeo  pro- 
ceeds to  diicusa  Ilcibait's  psjcbolofikal  standpoint  in  companson 
with  that  of  I^ibnlt.  beginnini;  with  his  delluitloa  of  soul  and  takinc 
up  poinlbv  point  the  »imilariliesuiKldi<fvrriiceso(Ihe  twosystemsand 
showing  ttint  the  Utter  arc  more  io  Kcciuiiip;  than  in  reality.  lie  then 
ditcusM*  in  (a  siuilsr  way.  Herbari'i;  theory  of  ptesentatioit,  theory 
of  feeling,  theory  of  wUl,  and  concept  of  interesl,  summariiing  the 
main  points  of  his  nrgtimcnt  at,  followa:  "Sonl  life  is  life  in  and 
through  presentation*  and  knowledge.  Will  it  the  morctncnt  of  pre- 
sentations or  knowledge,  and  mcaaingless  wbeo  regarde^l  ns  separable 
frotii  knowledge.  Hence  right  knowledge  la  mtn'tment  will  imply 
right  willing.  Btil  the  soul  life  can  be  hHbttusted  to  move  in  right 
preseutBlions  or  knowledge  by  the  educotive  instruction  of  the  educa- 
tor, which  secures  that  the  right  prcscnialioiit  are  tufiicicnlly  often 
rcpaaled  iu  the  soul-life  to  become  babitualed  sonl  activities.  Tlie 
conception  of  the  'Memory  of  Will'  is  adopted  by  Hcrbart  to  account 
for  the  growth  of  this  haliituBlcd  soul  activity.  The  vaiious  habitu- 
ated activities  ultimately  form  the  souMife  into  an  organiicd  iustru- 
ment — an  oiganon  called  interest— which  wills,  in  the  truest  and 
highest  sense  of  willing,  the  moral  life  of  thought  and  action."  Then 
follow  chapters  on  the  fallncy  of  formal  education.  Individuality,  and 
many  sided  interest,  and  interest  versus  self-realisation  as  toe  first 
piinriplc  of  education.  The  book  is  tbioughonl  clearly  and  logintlly 
written  8ud  is  a  valuable  contiibution  to  the  philosophy  ol  educatloo. 

Thxodatm  U  Shits. 

71U  Origin  o/ Li/t,>)y},hmt,«ti  Bitrks.  Chai>maa&  Hall,  Loodou, 
1906.    pp.  351. 

Iu  Nature,  May  35th.  1905,  Mr,  Burke  published  a  short  scconnl  oE 
•xncrinients  carried  on  by  htm  jn  Ihc  Cavendish  Lobarntory  at  Cam- 
bridge, which  evoked  great  intetcst  and  much  discussion.  A  aom«- 
wbat  more  elaborate  account  appeared  in  the  September  number  oE 
the  Foriuigbtly  Review.  These  ciperimeuls  dealt  with  certain  forttt* 
of  radio-activity,  sud  in  the  course  of  tbem  Mr.  Rurke  discovered  cer- 
tain minute  budies,  which  he  named  radiobes.  and  which  he  cUimi 
«xbibUed  certain  characteristics  of  living  matter.    He  cbaracteri 
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tllcm  4!t  (ollowt;  RatliobcB  are  "acltb<r  cryttilliar  nor  colloMt  In 
ilisgaikc.  Iboii^b  colloidi  in  the  af[sret[ate.  bnt  Bomclhing  more,  and 
crrilalt  IT)  their  conilUuent  part*."  Ttiey  dillcr  (ront  lioiU  in  "po«- 
MmIii^  tri«  clcmenta  of  viulltr  ia  a  primitive  Aud  undrvelopcil  »»(«." 
The  wtdMpiMd  iotereat  in  ilieoe  e»perinipnt«,  now  tI«bot«icd  in  boolc 
forn,  tnu  ilue  to  the  fnc-I  thnt  tbey  ilenll  witb  (be  question  of  cpon- 
taDton*  Kva«ratioa  in  a  new  foiin.  Not  tbat  Mr.  Biirkr  in  the  only 
iDvcati^ator  at  work  00  thii  problem,  as  Raphael  Dnbois.  M.  Benedict 
and  Kcnaadet  haTc  olt  publi«bcd  rocarchcK  alonK  IhU  IIdc,  but  Mr. 
Burkc'R  book  i*  the  fir»t  citeiiaiv«  En);llah  pnblieatloa  dealing  witb 
ihiN  pbaa«  of  tbe  anbject  wbojie  problem  U  not  of  kaowo  otKanlsma. 
bntoflbe  charactc-r  o!  hitherto  unknown  bodie«  which  *ome  experi- 
mentcra, aoioitK  whom  ir  Mr.  Biirkc,  atv  iiicllnrd  10  coiif<idrr  us  llvinK' 
while  others  r«K"'*'  them  merely  at  peculiar  crystals,  baviitg  possibly 
traces  of  organic  impurUtci  mtDKled  with  thciu.  The  production  and 
bebaviof  of  Mr.  Burk«'(  radtobc*  I*,  briefly  stated,  as  follows:  Wb«D 
•odiQin  bromide  is  allowed  to  drop  npon  beef  (^latine  contained  In  a 
atcrilixcd  tube,  by  meaus  of  a  small  inner  tube  which  can  be  broken 
without  opening  the  tent  tube,  after  ao  inter vnl  of  abont  twenty-four 
houra,  minute  bodies  appear.  Thirse  bodies,  according  to  Mt.  Burke, 
develop  a  nocleui,  riow.  and  after  reachiiiK  ■  certain  *t«e,  anbdivide. 
Tbia  anbdirision  conilitulea  their  itronKefit  ctaioi  to  life  and  ia  de- 
nominated by  Mr.  Burke  aa  "  reprodnctiou  of  a  degenerative  aorl," 
since  tbe  cycle  it  not  coctinned  when  subculture*  are  made.  But 
■trangely  enough,  in  view  of  its  fnndamcntAl  importance  for  Mr. 
Burkc*a  theory,  be  nowhere  hints  at  hsvSnx  «uh]ec[ed  Ihrte  bmlie*  to 
continnom  observation  which,  however  tcdiou*  and  wearisome,  would 
be  a  neceaaity  tor  scicnlitic  thorouKhncu  and  accnracy,  nor  doe*  be 
claim  <vcB  to  have  seen  the  actual  proceM  of  dirlafoo.  Tbe  aUtcnicnt 
tbat  tbey  do  divide  is  apparently  an  inlL-ccnee  from  sacceMJve  appear- 
anccn  under  tbe  mlcroieopi-,  but  bow  easily  juitaposltlori  tiiay  be  mis- 
taken forliuion  is  B  matter  well  known  to  microicopisU.  An  excel- 
lent example  of  these  appe«ranccs  maybe  found  in  Rainey's  (iRures, 
rcpTOducca  in  Bastlan's  Beiclaaliig*  of  Life.  But  admlitiog'that  (issiou 
dill  occur,  it  is  not  shown  In  what  specific  wnys  it  differs  from  tlie  fis- 
sion observed  in  experiments  with  fatly  matters  derived  from  dead 
animal  substance.  Moreover,  tailiobea  are  soluble  In  warm  wiBier,  a 
tact  dllBcnlt  to  reconcile  with  any  generally  accepted  theory  of  coodU 
tioDs  niider  which  life  first  sppeared.  A.  L.  llerrera.  in  tbe  Revu* 
Stientifi^uf  of  Feb.  17,  1906,  ibus  exprctaea  hia  opinion  aa  to  tbe  aa- 
tnre  ol  ibe«e  hoillea.  "Aa  far  as  Burkc'a  radiobes  are  concerned,  they 
would  appear  to  be  simply  accidental  crj-stols  of  carbonates  of  barium 
and  calcium,  swelling  in  ort;anic  liquids  or  media.  .  .  .  These 
cryatals,  which  bavc  been  atudled  coutcientionaly  by  Harling  and 
Rainey.  are  attackable  by  weok  acids,  which  hare  an  stbuminoid  or 
fatty  nacleaa." 

As  B  wbole  Mr.  Burke's  liook  bears  the  marks  of  having  bt*B 
hastily  thrown  tofjether.  The  (ew  reference*  are  to  incomplete  and 
tnaccnrate  as  to  be  practically  wonbleaa,  and  important  theories  and 
esperimenta  arc  <|uotc<t  with  ooclue  aa  to  tbcir  date  or  place  ol  jvubli- 
cation.  The  cbapleis  in  which  Mr,  Burke  records  his  own  experi- 
ments, where,  if^  nowhere  else,  the  reader  has  o  right  to  expect 
Rcrnracy  and  clesmcM  of  «laiemcnl.  leave  one  witb  a  good  deal  of 
uncertHinty  as  to  the  methods  of  observation  and  actual  progreaa  of 
the  ex  peri  at  cuts,  and  an  error  in  the  nambering  of  tbe  plate*  makea 
tbe  rcfercuccs  to  the  varions  appearances  which  they  arc  supposed  to 
Ulnstiate,  unintelligible.  It  is  to  be  regretted  that  the  publication  of 
this  book  nn*  not  deferred  until  it  could  be  completed  in  a  more 
accurate  and  scientific  form.  Tiihodate  L.  Smitu, 
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n*  Unit  of  Strife,  \ij  E.  K.  Gakxod.    Loogmant,  Green  &  CoT 
York,  T905.    pp.  iw- 

In  tU*  idtercntliis  volumr  the  aotbor  show*  bow  the  *Irnin^'le  for 
life  amoiifc  tDdiridual*  hu  Kiren  pUce  to  simple  amonfi  larKtr  *Dd 
larfTcr  nntta.  while  co-opcrHljon)i>*  taken  the  plnccof  itrDiutleHtaoaK 
the  ludiviilutils  maklo);  Bp  the  laii^er  tmit.  Natioaa  are  on  the  ola 
bMiaof  the  BiruftKlc  for  existence;  but  the  individnala  forming  a  nation 
matt  cooperate  !(  the  l»rgcf  unit  is  to  be  rItdq);.  ThU  difference  in  tb« 
b&*is  of  activity  for  fltate*  and  iodiTiduBld  give*  Hm  to  a  dlftorcntcode 
of  inorAli  for  ihc  tvfo. 

The  Inrger  pait  of  the  book  in  devoted  to  Iraclnjt  the  traatformatiOD 
of  man  fcom  competitive  individual  it  m  to  ajinpatbellc  co-operation. 
The  great  iostnimcDIs  of  tbis  tram  formation  have  be«n  religion  and 
law.  Tltese  insttunieot*  bare  not  overeome  the  force  of  m  lee  Hon 
entire) J',  but  the  process  of  aociaiizutioii  h«sbeen  hastened  as  indlvldn- 
al»  have  come  to  comprefacnd  the  laws  of  aocial  solution.  Thoae 
iiatiout  vitlbe  most  likely  to  *urvivc  thai  baTC  reliKiono  »7«teBM 
moBt  conducive  to  co-opeiation.  The  religious  idea  must  be  a  pro- 
gresstTc  one. 

The  hook  U  uninirDtiTc,  but  it  is  somewhat  one-tided  in  its  treat- 
mem.  SiruKgle  between  individuals,  which  it  stilt  of  iRilucn**  Im- 
portance in  progre».  is  relegated  to  the  background,  and  religion  is 
treated  merely  s*  asocinlittng  (orceand  Is  not  rceognixed  as  a  means 
ol  Individual  development.  P.  A.  BtrsBXK. 
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Di*  Hoffnuagtlotigktit  alUr  PiytAtttogi*,  too  P.J,  Mfiaitn.  Carl 
Marhuld.  Hslle,  1907.  pp.  69. 
Tbi*  ia  a  most  ootewrorlby  publication.  Tbe  author  baa  studied 
Ihoroniibly  tbe  lystems  of  the  theory  of  knowledge  in  its  thHods  as- 
pects and  Hi  tbe  end,  like  PauHI.  find*  bitntelf  convicted  of  IsnoraBce 
and  penetrated  with  a  sense  ol  bopcleainea*.  Tbii  is  an  almoat  in- 
evitable logical  result.  Indeed,  we  have  been  wattinK  for  year*  tor 
some  one  to  draw  this  inference.  Once  grant  the  aMuniption  that 
the  sonl  is  best  informed  abont  its  own  proccssci  and  that  tbe  exter- 
nal worM.  as  welt  as  our  personality,  is  hut  a  uaivciac  and  there  is  no 
issue,  ssve  iu  pessimism  and  depair.  for  conscionsnesa  Uvea  is  s 
cbnrmcd  circle  which  it  con  never  transcend.  To  our  thinking.  ta«w- 
ever.  the  issue  is  not  dr«palt.  but  the  only  too  loug  delayed  collaptt 
of  this  method  makes  all  the  more  plain  and  mandatory  the  iieccanty 
of  a  method  whtcb  frankly  asiigai  priority  to  the  things  of  bcdm.  Bnt 
this  is  a  long  story. 

Modifiability  in  Behavior.    Factors  determining  direction  and  cbar- 
actei   of   movement  in  the  earthworm,  by  H.  S.  jKNNlNr.s.      Re- 

Kriuted  from  the  Jourusl  of  ExperimentBl  Zoology.     Volnme  III, 
o.  3.     Baltimore.  1906.     pp.  435-4SS- 
Professor  Jennings  ha*  been  at  work  these  many  years  in  studying  tb« 
behavior  of  lower  unicellnlaiorgsuiims  and  has  here  brought  together 
in  a  more  comprehensive  way  tbau  in  bis  Carnegie  publication  the  r«- 
■ults  ol  bis  work  on  amoeba,  bacteria,  parameria  and  other  infnaoria. 
He  has  also  done  much  work  on  tbe  lower  melsioa  and  here  analyie* 
their  reactions  to  tight,  food,  etc.     Two  most  inlcieatiug  chaptcra  are 
upon  the  development  of  behavior  and  its  psychic  relations  In  lower 
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orjpinUinB.     No  one  h«8  <)oiic  RDcb  car«(al  knd  thorwigb  work  w 
neat  (hi;  bCKinningi  of  ({CQctk  psjrbology. 

Sltdietin  iViihiophy  and  PiyfJmlogy,  by  former  fttodenisof  Ckarlce 
E.  Garman,  In  corDmemaration  of  twcDl^-fiTe  year*  of  service  a* 
leacberof  philotopbv  id  Amberal  College.  Uoujcbtoii,  Mifflto  & 
Co.,  BoftOD,  1906,  pp.  411. 
Tbiiteen  original  contribntioD*  by  bis  fomier  •tadeot*.  including 
■ueb  names  a>  frofetiKira  Tufln,  of  CbicngoL  W,  P.  Wikos,  of  Cornell; 
P.  C-  StaatM.  ol  Wlaconsln;  P.  J.  B.  WooUbridf;e,  of  Columbia;  B.  L. 
Norton,  of  Wcttern  ReMrvc  Univ.;  W.  L,  Raub,  ol  Kaox  College;  B. 
W.  Lymau.cf  Bangor  TlicolOKJcnl  Si-inliiary;  K.  Delebarrc,  of  Brown; 
K  J.  Swift,  ol  WAsbioytoii  Utunrslly;  A,  H.  I'ierce,  of  Siuitb;  R.  H. 
Woodwortb,  of  Columbia,  are  here  printed  in  their  dedicatory  rolunte 
coinmcaioralivc  of  Profcaior  OnimaD'a  twenty-five  ywti  >(>  a  teacher 
of  pbilotophy  at  Amhertt  Collexe.  In  lieu  of  preface,  a  letter  ad- 
drCMed  to  Or.  G.  Sionley  Ilall.  lereral  years  ago  and  printed  in  tbe 
Amtritam /ottntal  oj  Pfychology.  \t  here  reproduc«il,  as  it  is  Profea- 
•or  Gannan's  bnt  czpUnatioii  of  hi*  ayHtem  and  bin  theory  of  teaeta- 
in%.  Any  acadeinic  profcasor  woald  lie  proud  of  luch  pupilt  and  of 
aneh  a  token  of  tbeir  reapcct,  Profeooor  <>!irnian'*  work  haa  been 
(juitc  ualqDC.  aabe  baa  refused  to  be  seduced  into  extreme  posltiOM 
of  the  epistemologisu  and  ba*  wrought  out  a  ayitcm  □(  pbUoaophT, 
whicll  while  often  criliclied  for  helue  esoteric,  seems  to  be  ndmlrably 
■dapttd  to  deal  with  the  callow  donot  of  college  alndeuts  in  a  war 
that  does  not  force  upon  them  prcmniurc  conclusions  sad  which 
atimulntes  thoac  who  have  the  ability  10  go  ou  snd  become  experts, 
and  wlikh,  at  the  same  time,  lays  a  firm  ethical  foundation  (or  con- 
Utct  with  life.  Ftcciscly  what  Ihia  system  it,  Profenor  Carman** 
collragnes  arc  cnrloti*  to  know  and  many  hare  crliicfsed  bi«  meibo'la 
of  nukinjf  all  his  iQitinctioo  so  penoasl  and  conGdentint.  Probably, 
like  all  ntal  srawini;  minds.  Dr.  Oarmsn  is  conatanily  rccaslinic  siid 
IraproviiiK  and  tbaB«  who  wait  will  in  the  cod  be  gainers  by  the  delay. 
He  certainly  avoids  more  soccessf ally  than  any  other  vigorous  and 
original  taind,  any  daiij;er  ol  immatuie  ezpieasioa  by  printiafi  hts 
system  pre  mat  u  ret  y. 

The  Syll^tlie  Htitoiophy  or  Prolegomena  to  Science,  by  Francis  8. 

Abuot.     Utile,  Brown  ft  Co.,  BostoD,  1906.    Vol.  I,  pp.  377.    Vol. 

II.  Pl>-37«- 
We  welcome  heartily  these  two  stately  and  well  gotten  up  Tolumes 
■a  an  original  contribution  by  one  of  the  most  acute  minds,  in  this 
field,  that  this  country  has  rrcr  jiroduced.  Tbe  work  was  left  iticotn> 
plete  at  lb*  tragic  death  of  its  author,  whose  wife,  with  commendable 
piety,  has  liDiibe<i  and  bronght  it  out.  Dr.  P.  B.  Abbot  besan  life  as 
editor  of  the  ludex,  a  (onrnal  ol  free  rell]|;ion,  and  leader  of  the 
liberal  religiuus  movemeut  in  this  country.  Both  the  man  and  the 
jonrnal  were  gialef  ully  received  and  did  a  great  deal  to  clear  np  the 
alira  onhodoK  atmosphere  of  New  KngUnd  and  of  the  conutry  at 
lairgc.  He  later  abaniloneit  this  work  and  came  over  to  philoaophr 
for  which  be  hod  remarkabte  aptitude.  No  oue  thai  tbe  writer  of  this 
note  ha«  ever  met  lia*  been  nidowcd  with  Kt^'ter  i>ower  or  more 
subtlety  to  trace  the  ultimate  cod  ol  the  very  many  uevioni  way*  of 
philosophical  thought. 

,  Tht  Hygiene  of  the  Mind,  by  T.  8.  Clodston,  M.  D.    Uethnen  & 
Co..  London.  I906.    pp.  ifU. 
Df .  Clovaton  la  now  tbe  head  of  the  moat  important  iostitutlon  lor 
[th«  carcof  insane  in  Scotland,  and,  in  view  of  the  fact  of  the  volame 
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of  the  pnbllcatjonn  o{  hU  ptipiU,  mmj  •1mo«t  bacalld  •  foundcf  ot 
tlic  current  Scotch  School.  He  and  a  (tronp  of  younger  men  Bboai 
bfm  are  not  distincled  by  tbc  problem  now  %o  citendcd  in  thi*  conn- 
It}',  wbettier  Ihe  baeU  of  tcicnllfic  stiKly  here  i»  neuroloKkal  or  sys- 
leuiBtk,  but  tlic]'  Keek  lo  took  at  tbc  whole  iudiridualitjr  and  not  to 
loie  light  of  brain  mccbaiiUm,  hcredily,  rcmpcratncnt.  tocial  in' 
Mincti,  eniolioii.  bodily  dltieasrt,  hytiit-tic  ami  luaniier*.  blood,  work 
and  (attitne,  subjccti  which  coPMttote  tbe  UeatlinKS  of  the  chapteri  o' 
thU  book.  Two  pcrtoiiii  of  childhood,  one  from  birth  to  •ctcu.  and 
tbe  other  between  Ihe  age  ol  **veu  and  Gfteea,  and  the  tcu  yean  of 
ailolcicence  arc  diKCUsMd.  S«x  questions  and  stimaln*  are  alao  i»-' 
eluded  in  the  broad  view  of  tbe  •abject  taken  by  Dr.  Clonaton. 

Ntrvartt  Piythohgital  Studies.    Vol.  ».    Bdlied  by  Htico  M<n>'STSR- 
■KKO.    Hougbton.  MilBin  &  Co..   Riverside  Press,  Cambridge, 
1906.     pp.  «44. 
We  have  here  the  second  rolume  of  these  important  sindiea,  which 
compriftc  loiucthii));  over  a  score  ol  papers  classtScd  as  optical  itudies. 
freliiig.ai'fioclatlon,  eppcrceplloii.atteotJDU,  motor  Inipiilncit,  and  ani- 
mal psycholoisy.     Such  a  nutiiber  of  papers  are  nBtutnlly  of  very  un- 
equal value,  but  HmonKlhemulliplicityof  sncb  studies  it  is  aooiettaitiii 
to  say  that  most  of  these  really  seem  to  slake  cootribattons. 

/tuiittiU  Soivay.  Travaux  de  I'/mtiUul  de  Sociologie.  Note«  and 
Memoirs.  Bruxelk*  et  LelpnlfE.  >9<^- 
These  works,  admirably  printed,  reinTcaeiit  tbe  work  of  tbe  Solvay 
Institute,  wbich  may  be  called,  perliapa.  the  Carnegie  Institute  of 
Belgium.  Tbe  Importance  and  extent  of  these  publications  limits 
oar  K'^iif  '^y  adequate  description  of  their  (^nilenlo.  Suffice  it  to 
aay  that  they  stand  lor  the  hest  collection  o(  ncienlific  work  which 
tbe  country,  alreadv  distinguished  for  its  iiavant*.  can  proilnce.  They 
will  be  indispcnssMc  to  express  knowledge  of  the  departmeuts  rep- 
retented. 

Brain  and  Ftrjonatily:  or  the  Pbyaical  Relations  of  tbe  Bnln  to  the 

Mind,  by  Wii.uah  IIanha  Tiiuusok.    Dodd.  Head  &  Co.,  New 

York,  1906,    pp.  3J0. 

This  eminent  prKclitionet  has  here  attempted  lo  bring  together  Ihe 

result*  of  hi>  own  rich  experience  on  the  tclstions  between  bruin  nud 

»oul.     While  the  nulhnr  tn  no  doubt  well  read,  the  work  give*  little 

trace  of  eruditiou  attd  Is  encumbered  by  almost  no  uolca  or  references. 

After  an  hitlorlcal  introdncilon  and  a  brief  account  of  the   physical 

basi*  of  mind,  he  di*cu<>Rcii  brain  weight,  its  ilgnifieancc  n*  a  double 

organ,  speech,  the  evotutiou  of  the  nervons  ayslem,  sleep,  ami  makes 

various  practical  application*. 

Tht  StrvoHi  Syiltm  0/  Vrrtebralti.  by  J.  B.  JOBXSTOK.  P.  BUklaton, 
Son  Jt  Co.,  Philodclphia.  1906.  pp.  170. 
The  writer  here  act>  forth  with  admirable  Incidity  and  with  tbe  aid 
of  iSodiagrams  the  present  status  of  our  knowledge  of  the  nerrona 
system,  beginuing  with  its  development,  elements,  fuoctlona,  tbe 
efferent  system,  including  the  senses,  the  visceral  and  Brmp«thetic 
centres,  those  of  correlaMon,  etc.  (t  is  a  work  that  should  be  in  tbe 
hands  of  every  student,  for  it  is  just  now  Ihe  most  concise  aummary 
of  Ihe  recent  result*  of  science  without  being  very  much  burdened 
with  techuicalities. 
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October,  1906. 
pp.  *S»- 
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Dit  Morpkologie  dtr  Mistbilduni^en  dn  Metiukim  and  dtr  Titrt, 
TOW  BitRKSr  SCHWAI.BK.  I.TJel.  Allgemeitie  MUibllduugslelir*. 
(TeratolOKtcO  Ountar  Fischer.  Jena.  1906.  pp.  130. 
Hcr«  w«  bare  in  ratbei  comleiised  form  a  verj  comprehciuive  <H«w 
o(  the  theory  conceming  monaUr*  and  deform  Itie*.  Tlic  cbapicra 
■le  wiUlcii  Willi  cliarBCIcri«tic  Ocfinan  ezliaaatiTetms  aail  comprlae 
til*  faintor^  ol  the  irtea.  the  literature,  relation  lo  r*liito<l  sciciices.  the 
ceatribntiott  of  cipcTititeiitiil  inSucDFrB  upon  (IcvclupmFiil  lii«torir, 
regcDcralion.  rompurativr  nnatomy  ami  hctcdil}',  pbyaiology,  the 
time  at  which  teratotuuiol  influences  are  moot  eflccliee  and  coniuioii, 
tbeir  cause,  the  eficct*  of  ccrtnin  nal-formatiouK  of  the  KCrea.  of  tH> 
mora,  ■muioKCoe.  the  TcUtiomi  to  ux.  nud  finally  the  clinical  tT«al< 
mcDI.  llany  of  thewe  topic*  are  illustrated  by  cut)  oftcu  from  Rpecj- 
meni  of  the  author.  Odc  of  the  moit  ttiicre.itiDi;  of  all  the  original 
chapters  i«  a  pediifrcc  of  rijihl  )(e aerations  of  "blecdcrt"  of  n  fumily 
oriKli^ally  called  Mampel,  and  iu  Ihc  last  KCitcrstioti  hnviiiK  «oiuc 
eigoty-five  detcendants.  The  father  w»»  ■  bleeder  and  two  of  hi« 
eleven  children  A'ltA  of  thi(  dUordcr.  It  would  aecin  that  ooly 
boyo  arc  tdccdcm  and  that  they  never  tranamlt  thi*  (endeney.  GtrU 
are  never  blcedct*  but  do  traDitnit.  If  thU  all  i»  true,  it  In  o(  the  ttt> 
moat  iQiporlancc  for  the  doctrinv  of  heredity. 

Haida   Ttxtt  and  fllylkt.    SkideRate  Dialect.    Recorded  by  John  ». 

Swanlon.     SinJlh«onian  Iimlituttoa,  Bureau  of  American  Ethnol- 
ogy, Ballcilu  39.    Govcrameut  Printing  Office.  Waibington.  1905. 

pp.  m8. 
The  text*  and  mytba  here  printed  were  obtained  on  the  Quc«n 
Charlotte  I«1ntid«  of  British  Colnmbla  during  the  year  of  1900-01. 
About  Sj  ihi>[i;B  arc  devoted  to  text  Itaclf,  on  the  right-hand  pngc,  and 
the  tranalalion  on  Ihr  lelt.  The  reniaioder  of  the  book  1*  devoted  to 
BagllBh  translallou  of  tale*. 
A  Second  Life,  by  S.  Toi,vK)t  Pkustox.    For  private  circulation. 

1903.    pp.31. 
Mrainaand  Brain  Preiervalivet.  hy  AcES  Hrdlicsa.    Proceeding! 

of  the  I'nited   Stales  National   Muaeum.     Vol.  XXX,  pp.  243-^10. 

GoTciuiciii  Printing  Ufficc,  Waobingioa,  1906. 
flormoU  und  anomaU  f-arbemyiUfite,  toq  A.  ICirscuuank.     Archi* 

f(lt  die  geiamtc  I'sycholoKie.     VI.  Bd,,  4  Heft,  pp.  397-4M.      Wil- 

helm  Bngelinnun,  Leipzig.  1906. 
Dat  Ifeten  det  mensthlirhtn  Seelen-  und  Ceis/esMevs,  von  BSKTItOLO 

KXlUt.     August  llirschwald.  Berlin,  1905.     pp.  130, 
miolaus.  by  Wm.  KoMAiNB  N)iWBoi.D.    AreblT  fiir  Ge4chlchte  dcr 

Philodophie,  1905.  Vol.  19.  pp.  176-317.    Georg  Reimer,  Berlin. 
Le  Mentonge.    Elude  de  Psyekoswologie  f^lhohgigue  ft  Normale. 

Par  G.  h.  DopiuT.    Ffltz  Alcan,  Paris.  1093.    pp.  190. 
/.  /^oUsur  des/ormaUtd'intToditclional'inergiliifite.fkysio-etpiychO' 

iodologiqur,  par  K.  Soltav.     Brnxelleaet  LelpMg.  1906.     pp.  34. 
*.  Et^niiie  d'une  Sociologie,  par  E.  Waxwbilbx.     Bruxelles  et  Lelp- 

*'II.  1906.     pp.  306. 

3.  /-«  origine*  nature/let  dt  la  profrriiU:  Eu«i  de  lociologie  torn. 
par4e.  par  R.  Pktkdcci.     Bruxelles  et  Leipzig,  1905.     pp.  146. 

4.  Sur  quelques  rrreun  de  tn4fA^de  dam  Vilude  de  VhoHtme  primi- 
li/:  l^'olet  crUigues  par  L-  Woi>ok.  BcascUc*  et  I^ipiig,  1906. 
pp.  37- 

5.  L' Aryan  et  Vanihropofoeiologie:  Etude  critique  par  le  Dk.  K. 
HoozA.     BinxellcBct  Lcipiig,  1906.    pp.  it;. 
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6,  Afetwre  ties  ea^fttei  inUIUctuitU  el  tntrglliqiu  p«T  Cti.  Hk.vsv. 
m»«  remaroue  additionclle  pBT  R.  WaXw-Silhr.  Bruzellea  «t 
Leip«g.  1906.     pp.  7s, 

7.  Origin*  f\>l<rffAyUtif-e.  homotyfiit,  ti  Hon-eomparaMiU  A* 
u>a4l4i  animaltt  p*r  R.  PcrxiTOCi.    8ntz«1l«a  «t  Lvipslg,  1906. 

pp.  136. 

Leib  und  S^U.  IJarsleUimg  und  JCritik  dtr  »t%ttrtn  Tktoritn  dts 
t'erlieltttisse3  swisehfn  fhysiuhem  nmd  psyfkiseM^m  Das^n.rva 
Dh.  Kcooli'  RtSi.KK.  Jotaann  Anibro«ia«  Butli.  Lcipcig,  1906. 
pp.  JI7. 

Onttineef  tiu  Vfdatila  SyUrm  0/  Philosophy  ateofding  to  ShAmlara, 

by  Paol  Drusskn.    TiaQ»lBted  by  J.  U.  Wood)  »n3  C.  B.  Ritiikle. 

The  Grallon  I'rtM.  New  Votk.  1906,     pp.  45. 
Spatt  and  CfomUty.in  the  lighl  e/  fihyiitttogieal.  piyth^li^cal  aitd 

physiuil  inquiry,  by  DR.   Bk.nkst   Mack.     Trantlated   (torn   the 

Geitniia  by  Thomas  J.  UcCormaclc.     The  Op«n  Court  PnblisblBK 

Co.,  ChicaKo.  190^-     pp.  14S. 
CntrUuio  alia   Dottrina  delU  A/atie.  pel  Prok.  L.  Biancui.    R. 

TipogTofia  PiRiicevco  GlaiminiSt   PIkII.   NapoH,  1906.     pp.  ja. 
Ftythic  and  EconoHti(  kemlh  0/ Man' i  Phytital  Uprigktntit.     T.  W- 

Hkinkuam.     FoMdcua,  Calif.,  1906.      pp.  103. 
Die  Welt  ah  Widertprttih.    G.  P.  Kkomtbaiidt.     Niagara  Fall*,  N. 

v.,  r9o6.    pp.  aj. 

Cnare  Lombraw  e  La  Fit<Mi>fia  SHenlifico.  fttOF.  BMXtco  Mobsklu. 

Torino,  1906.     pp.  3S4-J^- 
L'alfool  e  te  HialaNie  del  tislema  nervoto,    proluajone  del  pKov.   L. 

nUNCHi.    G.  Clvellf,  NapoM.  tqo6.    pp,  1^. 
Anemia  in  J\frit>  Jiieo.    Preliminarj  Kcport.   San  Joan,  1906.  pp.  66. 


REPORT  OF  THB  RECENT  MEETING   OP  THE  AMERICAN 

FSyCII01X>0ICAL  AS.SOCIATION. 

Tbc  Fifteenth  Anuual  He<tiii|;  of  the  Ameilcan  Paychological  Aiao- 
ciatioa,  in  aSltatioa  with  the  AtacHcan  Awociatioo  (or  the  Adrance- 
■Dciit  of  Science,  tbc  American  Society  of  NaturalUu  ntid  the  Ameri- 
can Philoaopblcal  AMOclalioQ  wmo  held  at  ColambU  Uoivcitity,  New 
Yorlc  Citr,  Dec.  rj,  38,  and  19,  1906.  After  liitening  to  an  addre«*  of 
welcome  by  Prr«.  Butler,  the  fiiit  regular  wHion  waa  held  tX  lo.w  *. 
M,  in  the  psycholoetcal  lecture- room  iu  Sctaertnerbom  Ball.  Thia 
•easion  vn*  devoted  In  a  discuuioD  of  the  tiibject:  Or{[nniied  Co-op- 
ermtlon  in  StRiidaidiiinj;  P^ychologicnl  Test*.  Opinion  warned  lobe 
almott  unaniniouBaa  totbeileairnbilityof  such  staudaritliliiiE.but  ltaer« 
wa«  »oii)c  diKcTcncc  of  opinion  ■■  to  how  beat  to  accotnpliih  it.  Pro- 
IcaaorADKcll  t)iout!l>t  It  l>c«t  Iobet;iii  with  the  simpler  tola,  while 
ProfMaor  Jurld  would  not  limit  the  list  tr)  the««,  PrufeoMir  Fitlsbnra 
■aggested  that  finl  ol  nil  thia  ilaudBcdiialion  meant  work,  hard  ao3 
long,  for  all  our  I  a  bur.!  tor  if  ti  before  any  cotDniittee  conid  undcrtak* 
to  prescribe  what  should  be  done.  The  question  was  ltd  la  tbc  hand* 
of  a  commiitec  of  lereu  to  report  on  the  BflTii«bility  at  a  later  sca- 
■ion.  Their  report  favored  pUcins  tfalt  work  in  the  liandi  of  ft  coni- 
Bilttee  of  Gve  and  it  wiu  so  adopted. 

On  Thurs'lay  afleruoon  the  pa^r*  were  a*  followa:  Pro/etsar  Sitno* 
Nevfcomb:  Tht  EUimation  of  Vtsuai  Spat*  MagnHude4,  Tbe  apeftker 
brought  a  wealth  of  fresh  example*  to  illuitraie  the  accuracy  of  e*ti- 
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mAtion  of  lenfcth,  bow  we  use  the  angle  iiibtended  bir  the  object  nttil 
ycl  Arc  DOl  mccuratc  in  our  eitiniiitioii  of  anjilen  alone,  bdiI  of  ibr  (act 
that  we  (tepenil  luigrly  oq  internal  imaKCS,  by  wbicb  be  would  mean 
wbat  payctaolosists  expre**  by  the  sobjcctivc  ekment  in  viaual  mpace- 
(jTrccptlOD.  Prof.  Baldwin  poinlcil  out  that  iuKlinct  conlit  furoUb 
nniinals.  Bucb  at  tbe  cliick,  wlib  thi«  •ubji-PtWc  basin  (or  accDrate 
■pace  pcTccptioD.  /■'.  l.ymaH  Wtlls:  A  Sdcttijie  Criterion  of  Lilti'ary 
Jt/fril.  Teo  lilcrarj  men  of  Atnciicn  were  rated  by  tbc  mi'inbcm  o(  a 
graditatc  dab  of  Columbia  Uoiveraity-  Socie  of  tbe  poluis  ^railed 
wen:  imaginatioa,  clenmea*,  finish,  tujihony,  aurl  wholctomcncs*. 
Sach  a  study  tellH  as  Icm  about  tbc  men  intcd  tlinu  of  tbc  men  doliij; 
the  latiDg.  It  aUo  Bhoirft  that  tbi«  group  of  literary  men  i«  mor« 
faotnoficncana  tbau  the  >ci«titi«I»  Btudi^d  in  a  like  manner  a  few  year* 
•xo.  It  iclla  ui  little  of  ihoM;  fnlling  \\\  tbc  middle  h'ouii  hut  more 
of  those  ta  the  lower  and  hiifher.  (J^rge  At.  SIrat/on:  The  ntoiog- 
rafiky  0/ Ocniar  Movemtnti.  The  apcaker  uses  Iht  rcRectiou  □<  a 
point  of  lixbt  on  the  eye  in  record tTiK ocular  movement*,  frof.  Judd'E 
excellent  work,  he  leare't.  would  kail  to  the  iuteTCure  tbut  hL* 
method,  the  placing  of  a  parlkle  of  wbite  on  the  ere  and  photograpb- 
ini;  tbc  nioveaicnt  of  thai,  was  the  only  mclbod  possible.  Aetna! 
nq^tivei*  wer«  isMd  as  tildes  tosbow  the  irtcjculnr  niovemtatof  thceye 
■D  trn«ioK  a  miumtc,  a  circle,  an  imaviuary  circle.  Ftc.  In  discuMian 
Prof.  Juild  mnintaiiied  that  ht«  methori  nllowcil  of  hclitr  interpreta- 
tion of  rthults.  Raymond  Dodge:  Mitiimitm  Exposure  in  Exftri' 
mrntol  Siudtei  0/ Heading,  lima  mistake  to  reduce  exposure  timea 
iu  rciidiiiff  tests.  Ivye  movement  is  relatively  slow.  Reduced  time 
dries  not  rieceoMrily  litiiit  phyfiloloKlcal  excitatiou  aixt  the  mental 
procesie*  are  not  thuruby  mB'Ie  simple  aud  parallel,  niumiantion  of 
the  pre-  and  pOAi.exposuic  6cM»  may  niodjfy  rc«u)t>.  /,  CitrUloit 
Bell:  Slndiel  in  Itinotular  Depth  flereeption.  The  tests  were  ma'le  in 
the  Harvard  laboratory  by  means  of  two  dots  ol  IiKht  wbicb  by  nic^iis 
o(  screw*  iccmcil  to  spproach  the  suMcct  sa  they  were  brouKhl  to- 
gether Of  recede  as  they  were  sei-araledT.  and  COOld  be  coiubiaeil  stere- 
oscoptcally.  Tbe  an tbor concludes  that  binocnUr  depth  perception  is 
■  function  of  accommodstion  tuvl  convcrKCiicc.  In  maip'  caFca.  how- 
erer.  there  is  a  greater  or  less  di»ociation  «(  the  two  when  accommo- 
dation plajrs  Itae  chief  rAle.  Tbe  subject  deserves  more  attention  than 
■t  has  bitherlo  received. 

I'ollowln);  ■  )>Tle(  rece«s  ca rue  the  sddress  of  the  President  of  the 
Psycbolutcical  A-i.sQcistion.yaMCj  R.  Aagell.  subject;  Th* Prmnme oj 
Funetionai  PsytMology.  At  present  one  can  do  little  more  than  state 
«  programme,  aud  dvllinil  tbe  scope  of  this  kind  of  psycholojiy.  It 
i*  cbiefiy  an  altitnde  of  mind.  Really  it  is  as  old  as  .\ristotle,  Dar- 
wId  and  SiKncer,  Its  chief  contrast  with  Sirurtuial  PiiycboIoKy  '■1'  >» 
Ibc  fact  that  the  latter  <IcaI*  with  slates  of  coniciousuess  which  for  Us 
■tialysis  are  mote  or  kss  artificial.  Structure  cau  never  be  twice  the 
same  while  (miction  mny  be.  The  why  and  how  arc  atwsy*  implied 
in  the  what,  k>  that  straclatnl  may  Include  only  a  part  of  tbe  prob. 
lem  of  psychology  while  functional  more  cosily  includes  all  three 
<)ucsliont.  BioIoKv  has  frivcu  a  more  and  more  pmniincnt  plsce  to 
mind.  Pedagogy  Rttds  much  more  that  is  useful  in  looking  at  mind 
from  the  fnnctiocal  point  of  view.  So  also  does  mental  Hygiene  and 
Psychiatry.  The  recent  and  large  amount  ol  work  done  in  Animal 
Psychology-  on  the  subjects  of  lustiuei.  tbe  Mnses  of  animals  and 
modi  lability,  form  n  siKnificani  chapter  in  functional  psycholof^. 
Human  Genetic  PsycholOiC)'  adds  another  chapter  iu  its  attempts  at  a 
longilndinal  section  of  consc>at)anes«  and  a  correlation  of  Ibis  with 
growth.    Tbe  leaning  of  the  FnnctioDolists  toward  Biology  1*  well 
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calcaUted,  of  contsc.  to  aiouw  the  ire  of  the  pare  pajcbologtat*  and 
y*!  Pu  net  ions  linen  dealt  with  that  vhkli  !)  TJtal  to  thr  orgaiiiH». 
The  fuodamcciiil  comicioua  nlilitJr*  are  luitincl.  ttie  short  circuit 
aIf[cdonic,  and  tbc  long  circuit  iiIf[edonic.  feAClion*.  The  aatbor 
ORiitlcd  nioBt  ot  bin  detailed  eluaifieatioiiRwhich  tlluirtraie  bis  notion 
of  the  usefuloess  here  of  Ibe  fanctioaul  poiut  of  view.  The  problem 
of  miud  and  body  be  wmild  [cgaid  as  largely  tucibodoloicical.  Be- 
bmlor  wild  control  is  the  chief  point  of  interest  in  the  livinKorgaO' 
i»iii>  Tbc  funciioual  poiui  of  view  is  calculated  to  tinify  uud  make 
more  nearly  one  many  of  our  nabjcct*  of  siady  wbicb  now  seem  to  far 
apart.  ChatUi  ff.  jMHttait:  FttUtg  Analytlt  and  Exjterimentatiot. 
"HiF  meagre  restili  o'llatneil  in  onr  attempts  at  analysis  of  feeling  has 
been  due  to  tbc  orci-cmpboai.i  of  tbc  cofcnitive  side  as  well  as  to  the 
iMTt  that  w«  bavc  Tkwed  tile  fccliiiK*  from  ibe  structural  point  of 
view  and  bave  depended  too  much  on  the  analytic  method,  We  do 
not  know  whether  feeling  (affective state)  i*  an  indcpendeni  element, 
B  complex  proceM.  or  an  ncconipanimcnt  of  sometblnK  elfte.  Vet  vre 
all  mean  somehow  Ibc  same  thin)(.  The  imprestion  method  seema 
most  (BTorcd  and  yet  our  introspective  data  is  not  iclinbtc.  Tbc  pteo*- 
•nt  and  iiiiplrawint  ca(v)-(-ry  seems  ccriam.  Iiom  recent  rxperimenta 
which  have  larcety  been  made  to  test  Wundt's  tridimensional  theory. 
John  F.  Sh^bard:  Somr  Jfesuit*  of  l-xfierimfnls  on  Certbral  Circula- 
tiom  fw  Sifffi.  Very  scntltiv;  hrnlti  ptrtUysmoK'aphs  were  used. 
Marked  changes  in  the  curves  wfere  shown  to  be  pro<luc«dbyawaken> 
injc  tbc  subject  or  by  iimplv  disturbing  him.  There  is  some  head 
Biovcmeut  darioK  sleep  and  ihU  tnodlTics  the  cuivc.  This  was  obvi< 
atcil  bv  placing  the  head  in  a  swing.  The  Traube-Hering  breathing 
curre  is  very  marked  nbcu  the  subject  is  asleep.  Tbc  re«ttlt>  were 
Blrikiu)C  beCHUse  they  show  a  markeil  increase  in  brain  volume  witb 
depth  of  sleep  though  tbere  may  be  at  6rst  n  slight  decrease.  Sfuart 
H.  Rowf!  Thf  DifftrfHtt  lltiwttm  a  Habit  and  an  Idta-  For  practl- 
csl  application  lo  teacliin);  these  should  be  sharply  distinguished. 
Tbc  paper  dealt  with  several  contrasts  wbicb  obtain  between  tbem. 
Georgf  H.  M^ad  Thf  A'rtation  of  Imiljlion  lo  Ihf  Theofy  iff  Anintat 
FtrteflioH.  ItobhouMi-'s  theory  of  Iuiiiati.ju  was  criticised.  Percep- 
tion in  Animals  stemcd  to  involve  eooiideroble  experience  of  kintes- 
tbetic  value,  tn  making  experimenU  lo  test  for  Imitation  this  should 
be 'taken  into  acconnt.  fohn  B.  Wafion  (reported  by  Mr.  Carr): 
KinaslhelU  Sftsalions:  Their  Rile  in  He  Reaclions  of  White  Rati  la 
the  HatHfton  Court  Male.  Rata  were  first  taught  to  go  Ihrongh  tb« 
maze  and  then  their  eyes  remoeeil.  On  being  rettimed  to  the  mace 
tbey  showed  no  disturbance  of  any  aort.  The  ears,  vilnisHe,  face, 
alfaetoty  organs,  soles  of  the  feet — tn  (act,  nil  tbc  organs  of  the  ani- 
mals except  those  of  kiii^irstheiic  value — were  lemored  or  made  n>«- 
les*.  Tbc  anitnals  showed  little  if  any  loss  id  nbility  to  Icam  or  rc- 
Irarn  the  maxe.  The  maze  was  swept  witb  air  cnrrcnts  ill  dlSercnl 
directions  and  cold  and  warin  linings  were  placed  at  the  place*  of 
turning  but  without  cHcci.  Quite  a  disturbance  was  caused  however, 
hy  tnrning  tbc  maxc  through  90°,  180°,  and  IT©".  Tbis  last  Is  entirely 
in  agreement  with  the  present  writer's  work  on  Boglish  Sparrowa 
nud  other  birds.  If .  S.  Jennings:  Habit  Formation  in  the  Starfotk . 
Ill  order  lo  get  proof  of  hnbtt  formation  one  must,  so  to  speak, corner 
the  animal.  This  is  very  difficult  with  the  siarrisb  for  the  reason  that 
it  is  so  versatile,  ■'.  e.,  it  can  accomplish  the  same  thing  in  so  sianjr 
ctiHcreni  way*.  By  not  allowing  it  to  rigbt  itself  by  turulug  under 
those  rays  which  it  was  sccu  to  use  most  habitually  it  wu  found  pos- 
sible to  make  it  use  others.  This  boliit  had  only  partially  disinlc- 
gratrd  after  hu  Interval  of  ibrcc  01  four  days.  Robert  M.  I'eries.- 
fifodijiabiiily  0/  Behavior  in  Utt  Dancing  Afome.  By  giving  these  ani- 
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mala  an  electric  shock  wbeii  they  stiler  the  wroui;  openloK  tbejr  iiiajr 
be  taagbi  to  (listtDgnUh  bctvcea  openfaKs  Hunoaaded  njr  black  or 
nvhlic  cirilboinl.  The  malea  learnoil  luoie  rapiilly.  Red  bn*  not  tbe 
same  value  for  tbtm  aa  (or  ua.  Nitie-teuthsof  all  color  teitaon  nai- 
nials  do  not  itquirc  colot  diicrimiiiaiion  by  tlic  aiiituali.  The  re- 
Tiewcr  canoot  at  all  agree  with  ihe  ilotcnietit  Ihnl  an  clrcttic  ahock  iaa 
better  m^i/Io  »»«  wnli  mimiHls  Ihau  a  natural  decree  ot  htinKer.  Ue 
is  in  beart7  tft'^enicnt  with  the  ataadarditiiiK  ol  mate*  to  be  ui«d 
with  auinuila.  Jamts  P.  I\irter:  Firthcr Siitdy  of  I'ariabUUy  in  Sfii- 
den.  Tbit  paper  gave  lurtbcr  material  gatbereit  aiucc  the  report  of 
■  jrear  ago  and  waa  tUu*lrated  with  Innteia  slidcH. 

At  3  r.  M..  on  Kiidaj,  Pieatdent  Hnllcr  gnvc  hi*  oddicH  of  welcome 
to  the  Pbiloaophiesl  and  Payctaototcical  Aitsociatioiit  in  pint  tteiwiOQ. 
He  emphaaiicd  the  great  need  for  careful  practical  nurk  iu  tbeae 
fields  iovicwof  the  j^rcat  vavc*  ol  (eel iiiK  which  >wcep  al  timenOTeronr 
dctuocTaey.  and  altii  that  lew  know  what  real  th'nkint;  It.  TbeB  fol- 
lowed tbe  nHdrcsi  oi  fro/.  Jamei  on  "Men  a»d  Their  Knergies."  He 
refcrieil  to  Prof.  Sanfoid'a  inaialeiice  on  the  physician's  altitude  ol 
nlDcl  Mod  to  tbe  more  adequate  Irealmtat  wbicb  Prof,  Janet  Iia»  f-lven 
to  fttiuurtaat  condition!  because,  lor  ooerMaon,  be  has  uotexpreiiedor 
tbonghl  them  in  tbe  [cadT-madc  paycbological  termi.  Pew  of  ut  put 
forth  al)  tb«  effort  of  wblcb  we  are  capable.  There  ate  diflurciii  levela. 
and  babil  fixes  tbe  atnonnt  ol  eoerRy  we  expend,  We  can  in  physic*) 
efioit  set  our  aceond  wiiiil  and  a  third  and  fourth.  This  !■  true  of  tbe 
meDtaj  life  alio,  The  fliinuli  ai  war,  atjd  nf  luve,  actve  to  move  u>  to 
greater  and  Kieater  efloit.  The  letters  of  tVie  Ei)|;l>sbman  in  charge 
of  the  city  ol  T>clhi  at  the  time  of  a  siege  Dlnslrale  in  a  ilriklng  man- 
tier  tUc  ritiag  to  higher  and  higher  IcvcU.  JaueCc  p*yclu>asilieDica 
arc  examples  irom  the  field  of  paihology.  The  deciHioiin.  moral  and 
other  wloe,  required  ot  a  city  dweller  demnnd  an  on  I  put  of  cnciKV  which 
la  not  at  all  ealled  lor  from  the  couiilrymaii.  Prof.  Jxiiu-h'a  P.iiropeao 
friend,  who  lor  tnany  years  bad  nuSercd  from  a  collapse  every  fourth 
week  Gaally  ect  for  hinuell  the  task  of  the  Voga ordeal.  Theapeaker 
quoted  at  length  frotn  lettera  to  descilbe  the  faatiDK,  prayer,  postnrea 
and  redaction  ol  breathing,  etc.  After  one  severe  collapse  there  seema 
to  have  been  a  complete  cure.  It  may  be  all  Eclf-saKgeslioQ,  but  be  can 
now  nndcrgo  tbe  moat  trying  hardabipa.  In  all  the  atiore  coosidera- 
tlona  and  many  more  the  problema  which  face  us  are :  ( i )  What  are 
the  pfobtcmn  of  mental  work?  (a)  What  realty  arc  our  powcra  and 
csmb)lillc»?  and  (\'t  What  are  tbe  Mat  tnnns  of  unlocking  these 7 

/.  MadiioH  Oentley:  The  liffett  of  DUttXKiion  Upon  Ihe  /nlensUy 
of  Stntaliam.  So  far  aa  tbe  experiment  bas  been  carried  the  effect  baa 
beenaDaDderestlmalJonof  both  tbe  loud  and  ncak  Donnd  atlmnll.  C. 
E . Seaakore: Scmt Conlriiuliont lo  Tone-Ptyeholoay.  There isaaurptia- 
ingly  wide  variation  in  Pilcb  discrimination.  Subjects  from  college 
and  high  acltool  ate  no  better  than  Kfamniar  Krodr  piipllit.  Tbe  de* 
termtning  factor  is  probably  phyniologicul.  Musical  training  modi- 
fiea  it  but  little.  The  speaker  made  ccrloin  clouificationa  acveral 
yeara  ago;  to  repre^'ntativei  of  some  of  these  It  la  Inadvlaable  to  at- 
tempt to  teach  music  at  all.  £.  H.  Cameron:  Tonal  KeaeHon.  The 
apparatua  consist*  ol  a  diaphragm  attached  to  a  pen  tbe  vibrations  of 
wblcb  are  written  on  a  Btoriag  paper  atrip.  By  irieatisal  a  time  line 
these  vibrations  may  be  meaaured.  Stibjects  with  and  without  musi- 
cal training  atari  low  and  waver  about  a  lone  which  they  arc  asked 
loaing.  In  imitating  anorgan-pipe  lone  they  do  tbe  tame.  Thecfloct 
of  another  tone  suunded  aa  they  attempt  to  imitate  ia  to  render 
them   more  iooccuratc. 

At  the  dinner  ol  tbe  American  Society  of  >}atora1!sta  and  Affiliated 
Societlea  an  excellent  addroaa  waa  delivered  by  Dr.  Davenport.  Alter 
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revicwiiiR  thr  fo-op«rBti»e  work  by  the  cckntlflc  eoci«ttc«  of  the  p*"* 
tb«  spcHkei  matit^  a  ptn  for  auch  Bt  prcMiit  iu  the  wide  field  of  Biol- 
og}-.  Pint  nnd  inctdcniallr,  lor  ihc  fixing  of  nomcBclatuic;  •ccatidly. 
ana  of  niucb  more  imporlaacc,  for  co-opcrMioii  tti  the  prokecntioa  of 
research. 

At  Bcothet  KMion  of  tfae  t^ycbalofcicnl  Aifociatton  tbe  followins 
pai><:t*w«ic]ire»ciitT<l:  JSlfaiipr  f/«rrii  /foit land:  A  Prvpoint  ^fftkod 
for  TtAeking  XtthHies.     Tbe  mcfatn^  of  llils  Hiibjtrcl  tn  our  collegers 
»  in  an  onfaliifaclorv  condition.      I(  the  lubjcci  i*  t;ivcn  toinc  alteu- 
lioD  Id  the  Kradcii  aiitl  high  Khoot,  it  rcceivr*  to  ttlllc  in  our  collri;««J 
that  tbe  be^t  antuiii;  tbe  sindeDl*  do  uot  follow  it  fnitbei.     In  Doilon' 
tbeie  it  a  plnii  to  be  put  into  operation  wbicb  will  involve  viiiii  to  the 
mvRcuRi.  ibc  Ipiidtu);  t«  collcjc**^'  "o^^*  of  'ft,  and  Icctnrce  to  tb« 
Htndenta  by  inuaeum  officials  and  artlats.      The  student*  are   lo  oe* 
work*  of  nil  mid  then  discux  principle*.      W.  B.  Pilhhurg:  An  At- 
tempt to  f/amomiie  thr  Currtnt  PiyckohgifAl   Thtwiet  of  Judn- 
menl.    Tb«r«  are  lour  current  theories.     That  ol    Brentano  in  wblcbi 
belief  ii  tbe  ceottal  factor.     For  Marvin  it  is  equivalent  to  comp«ri-^ 
•01).     AKaiii  JndjiRirnt  rany  be  utid   to  be  a  Koit  <i<  cvatualion:  while 
the  1n»i  lendcucj-  luakes  It  Identical  witb  tb«  aacHpiion  of  meaning. 
Tbe  lost  three  were  shown  to  be  much  the  »anie  while  belief   ii  con- 
contitniit   with   jud)(iiiciil.     Prof.    Dcwcj'a  elemcni  of  doubt  wa>  not 
cotitidcieil  bv  ibe  speaker  to  be  an  ituporlant  consldeiatloa.     tCnte 
Cordon:  A  Clastififatioti  of  Pfrreptial  Proctxus.     We  are  to  get  our 
basil  for  a  new  clansificitlioi]  in  Ibe  nintor  icipnitM.    Inlensily.  eiten- 
slty  and  dnistton  of  sensation  are  to  be  tcUlt^l  lo  the  aame.     Qvalitjr  i 
get* its  cbarftclcr  here  alio.     Schneider's  expansion  and  conir«cttoil,| 
theory  wai  itivohrd  aa  cxplaiuiuK  much,  but  dttcnssion  did  not  aecnir 
to  faior  it.  A.  H.  Pieree:  Imagery  Itltaions.    The SoH-VisuAt  Char*\ 
aetfr  of  Ihf'Proaf  rtadefm  Ulasion."      The  author  criticised  the  •>- 

[ilaoHtioii  of  the  "Proof  ;ca<lcT'»  Illusion"  lonnd  in  tbe  usnal  pajcbo- 
ogical  text*.  Per  him  suth  is  not  visual  at  all.  but  auditory  or 
articulator.  The  phrase  Imaiiery  Illnsiona  was  proposed.  R.  S, 
WoodteoriK:  Non-Sensory  Components  in  Sense  Perfep/ion.  The  way 
m  subjeet  sees  tbe  alair-case  figure  la  not  due  lo  evc-mOTemenl,  to 
the  part  fixated  or  to  the  eye-haTls.  This  is  true  o(  other  equivocal 
figures.  SubjeciK  affiec  lii  snyiii);  (hat  prtccdioK  laiagec  do  have  s 
determining  infinence.  Hence  what  Is  leeu  is  non-MDSOry,  it  is  a  per- 
cept quality  and  is  further  illuitrntcd  by  Ihc  way  we  perceive  sin, 
dislHiice,  and  various  rhythms.  A  "Mental  Kraction  Theory"  was] 
proposed  lo  explain  how  we  get  this  petuliur  quality.  It  is  not  Ibe 
result  of  motor  response  or  a  aynthcsis  of  sensations.  This  theorv  is 
prohable  from  a  consideration  of  hrain  structure.  G,  /..  Thorndlke: 
The  Menial  Anieeedents  of  t'olunlary  Moi-emenlt.  Any  mental  slaie 
may  be  the  anlcccdcnt.  The  opponents  to  this  view  were  aslcrd  lo 
consider  the  following;  What  sort  of  images  do  you  have  wbca  )oa 
will  not  to  pctform  on  acli'  Stipi>ose  you  will  to  move  your  eyes  in  a 
straight  line  across  the  page.  Von  never  bave  done  to  and  never  can. 
Will  to  copy  several  page*  of  a  booh  or  article  you  have  written. 
What  is  antecedent  to  involuntsry  movements?  The  view  upheld' 
by  the  other  side  makes  voluntary  and  involuntary  movements  radl- 1 
cally  different.  Considerable  and  itilcrcsting  discussion  was  called' 
forth  by  the  last  four  papers  read. 

Receptions  were  tendered  the  visiting  scientist*  bv  the  Prcaident 
and  Trustee*  of  Columbia  University,  and  by  the  College  of  the  Clly 
of  New  York,  in  the  splendid  new  bnildiu);^  of  Ihv  Isllcr.  On  Satur-  ! 
day  afternoon,  the  unveiling  of  ten  matbte  busts  of  pioneer*  in  Ameri- 
can Science  at  the  AnicrirHu  Museum  of  Naiuial  History  and  a  rccep*  , 
lion  in  the  evcniaj;  formed  a  fitting  close  to  a  most  profitable  and 
enjoyable  series  of  meetings.  Jauzs  P.  PoRm. 
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DEMONSTRATION  OF  FORMULA.  FOR  TRUE 
MEASURKMJiNT  OF  CORRELATION. 


B7  C.  Spkahuah. 

rt  Memtt  daily  more  evident,  that  one  of  the  most  important 
tasks  awaiting  psychologists  is  the  accurate  meaxureinetit  of 
the  'correlalious'  (1.  r,  the  tendencicstocoDcurrcnt  variation) 
between  psychical  events,  qualities,  faculties  or  other  cliarac* 
teriatics.  For  this  purpose  a  now  well-known  method  of  cal- 
calfttioo  has  been  evolved  by  Brnvals,  Gallon  and  Pearson, 
vhicb  furnishes  a  numerical  '  coefficient '  measuring  precisely 
the  degree  of  proportionality  between  any  two  series  of  values; 
this  coefficient  b  usually  denoted  by  tli«  symbol  r.'  Should 
oa  any  occasion  the  correlation  between  the  two  seriea  take 
some  more  complicated  form  thiui  that  of  .>imple  proportion, 
then  r  bas  to  be  supplemented  by  further  terms  to  express  socfa 
correlation  completely:  r  remains,  however,  the  principal  term 
(with  or  without  some  unessential  modilication  of  outward 
shape). 

Unfortunately,  there  is  a  con-^iderable  step  between  airivtu){ 
at  a  coefficient  of  correlation  and  discovering  the  fme  coefficient. 
In  th<:  first  place,  the  vnlue.s  immediately  attainable  by  inves- 
tigation are  not  those  of  the  characteristics  really  investiK^ted, 
btit  only  tho6e  of  measurements,  and — in  the  case  of  psychol- 
ogy— for  the  most  pari  very  fallible  mensnremeuls.  Secondly, 
it  is  nsnally  quite  impossible  to  keep  the  investigation  clear 
of  many  factors  that  do  not  properly  belong  to  it.  The 
.  actual  effect  of  these  two  disturbances,  the  observational  errors 

■  Pot  ntetbod  of  calcoUtion  see  tbiajcitmat,  1904,  XV,  pp.  774t(I>ut 
for  "iBcdfan"  tnlxtitule  "nTciag*"), 
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and  the  iirele^'ftnt  factors,  is  not  merely  to  diminish  M>m«wB 
the  accuiac)'  of  the  calculatiou,  bul  lo  render  the  apparent  cor-'' 
rdatioD  (whether  calculated  or  merely  casually  inspected) 
wbo]ly  untrustworthy.  A  large  correlation  may  be  obliter- 
ated :  an  illusive  one  may  t>e  conjured  up  where  uouc  exists 
really  :  it  may  even  happen  that  a  positive  cAjTrelatiott  is  turned 
Into  an  apparently  negative  one,  or  vitt  vena. 

Now,  two  fonnulse  were  given  by  me  in  this  Journal  stooK 
time  ago,'  whereby  the  effect  of  both  these  disturbances  can.  as 
I  iKlieve,  be  eliminated.  The  runnulie  Were,  however,  not 
accompanied  by  any  proofs.  So  many  other  malheinlttical  for- 
mulae were  given  at  [h«  same  time,  tliat  the  formal  demon- 
strations of  ihem  all  would  have  made  the  article  exceedingly 
cttmbersoine. ''  But  since  then  I  have  repeatedly  been  asked 
for  these  proofs;  some  mathematicians  have  gone  so  far,  as  to 
doubt  whether  snch  proofs  could  possibly  be  valid.  It  there- 
fore seems  advisable  to  publish  them.' 

I'or  convenience  of  demonstration,  I  will  commence  with  the 
fbrmala  for  eliminating  trrelevam  factors,  although  in  applica- 
tion the  other  formula  must  be  used  fir.it  (to  edl  the  coeGBcients 
entering  into  the  former  formula). 

I.  Proof  0/  the  formula  for  eliminating  the  effeet  of  irrelevant 
f actor t.  * 

Let  X,  Y,  and  Z  denote  the  values  of  any  three  variable ' 
and  correlated  chantcteristics  of  objects  of  any  particular  class 
(for  instance,  their  height,  tengib  and  breadth),  Let  their 
average  x-alues  be  denoted  by  a,,  a^  and  a,  respectively;  let 
a-t  —  X  =  X,  a,  —  Y=y,  and  a.  —  Z  ^  x.  Further,  let  b,, 
and  bi,  be  such  values,that  S  [  x  —  (b.^  y  +  !>»  k)  ]*  is  a 
minimum.  Equating  to  o  the  diEFereotials  of  lhi.s  snm  with 
respect  to  both  b.^  and  bi,,  and  solving  these  two  equations 
for  bxy.  we  liud 


b.,= 


_Sxy.2z' 


Sy '.Sjt»- 


-    Sxg. 
-CSyO» 


syt  _  y^r 


•Vol.  XV.  1904,  pp.  88-96. 

'  A*  an  example,  it  nay  ba  aentloited  tbat  anotber  formula  gtren  la 
th«  SHiue  article  liu  jutt  bad  to  be  demons trnted  alM>.  The  aimple 
italcniciit  of  values,  lu  originally  givcu  in  Ihi*  Journal,  took  up  only 
a  coupU-  ol  lines;  whcrcns  lliu  uiatheiuatifal  iiemoiialralioa  (lb  the 
Brilisb  J.  0/  Piych.)  folly  occupies  three  pnses. 

'Tbcae  (ormula:  arc  again  uiucli  utilised  in  a  paper  of  ProfCMOr 
KracKcr  iind  tny^cK  iti  (tic  /itilschri/l/mr  Piyekologi*  (44.  p.  48). 

•Part*  o(  tlie  printer's  jirfiofs  have  very  Ictndtv  be«D  looked  over  by 
Dn.  HetKloli  and  Carat  Q^odoTv  (leclurcm  011  mat  hematic*,  Unircr- 
•ityof  CdtliageoWnd  Dr.  Etircufest,  who  have  (timUhed  raloable 
criticisma. 


4 


HBA5URBKBNT  OF  CORKBLATtOIT.  ifij 

where  r^r  denotes  Pearson's  correlational  coefficient 

••/Sx*.  Sy», 
and  T„  and  r^i  have  similar  meaning. 


Analogously  b^  =    ''^       '"■'''    ■  -},^  .  «,  that 

1  —  lit 


Let  US  next  suppose  our  whole  class  of  objects  to  be  split 
up  into  groups,  a  group  embracing  all  those  objects  for  which 
Z  has  any  constant  value.  Let  us  apply  the  considerations  and 
notation  of  the  preceding  paragraph  to  the  k'*'  such  group 
apart.     The  term  bn    vanishes,  since  z    clearly  =  o. 

We  get,  then,   S(x  —  bx,    y)  *  =:  a  minimum,  from  which 
^^  MX  -  b.,,  yy  =  o.  so  that  b..,  =.|i^ 
As  byx^  has  an  analogous  value. 

Now,  in  general  the  value  of  b,y    differs  from  that  of  bi^ ; 

but  in  three  special  cases  here  interesting  us  it  can  be  shown 
to  coincide. 

The  first  case  occurs  when  the  following  assumptions  are 
permissible : 

bx,„  =  bxy,  —  bxy,  =  .  .  .  =  Ky^  =  .  .  .  ,                      (c) 

b,^  =  b^,  =  byx,  =  .  .  .  =  hy^^  z=.  .  .  ,                     (d) 

a,^.  —  a,^  =  e  ■  Z^  and  (e) 

"Tk  -  %,  =  f  ■  2^    .  (O 

e  and  f  being  constants.  It  will  be  convenient  to  conceive  all 
the  objects  as  represented  geometrically  by  positions  having 
as  ordinates  X,  Y  and  Z,  The  equations  x  —  biy^y  =  o  evi- 
dently denote  what  may  be  called  'minimal  lines,'  b,y^  being 
determined  for  each  value  of  k  by  the  relation  2  (x  —  bzj^y)  * 
^  a  minimnm  ;  and  all  such  minima  may  be  regarded  as  part 

*  This  reaolt  was  reached,  in  a  tomewhat  different  maaDcr,  by  Yale 
(Proc.  R.  Son..  Vol.  LXJ. 
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sums  of  (I  totnl  tnmlmnni  which,  UAosfornimg  from  x  and  y  ' 
X  and  Y,  may  be  wriltca  as 

2  2  [X  -  b„^Y  -  C^  --  b»,^  a,,,  )  ]  '. 

or,  shorter,  as  S  S  (X  —  b^^Y  —  Ek  ) ».  or  simply  m  S  m. 

On  the  other  hand,  x  —  bxyV  —  b„z  =  o  is  a  'total  min- 
imal plan«,'  b,^  and  b.,  being  determined  by  the  relation 
2  (x  —  b,yy  —  b.,x)'  =:  a  miDimum  :  and  Ibis  mJoimuin 
can  be  regarded  as  made  np  of  part  sums  (not  necesaarily  miii- 
ima  iodividnally).  one  for  each  different  value  of  Z.  and  there- 
fore may  be  written  as 

a  2  [X  -  b„V  -  (b^Z"-  -I-  a,  -  b.,8y  -  b.^  )  ]  », 

or,  shorter,  as  2^2  (X  —  b.,Y  —  E*}  '. 

or  simply  as  M.  Evidently,  the  difference  between  2  m  and  M 
depends  on  that  between  Ek  and  E^.  But  the  former  is  the 
value  that  makes  every  ]>art  sum  of  the  form  tn  question  a 
minimum,  as  may  readily  be  found  by  determining  E  from  tbe 

equation  -r-^^  (X  —  bY  —  E)  '  =  o.     Hence,  if  E*^  difiets 

from  Ek  for  any  single  value  of  k,  the  corres^nding  part  sum 
of  M  becomes  greater  than  that  of  2m.  A  Jortiori,  tbe  total 
eflect  of  all  diHerences  between  E*  and  Ek  ior  all  valnes  of  k 
must  be  to  make  M  greater  than  2m.  But  in  the  present  case 
it  happens  to  t>e  possible  for  all  corresponding  parts  of  2m  and 
M  respectively  to  be  identical ;  for  the  'minimal  lines,'  firoo 
which  2m  derives,  must — owing  to  the  conditions  (c),  (e)aiM! 
(f)— lie  in  one  plane;  and  there  is  no  condition  preventing 
Ibis  plane  Irom  coinciding  with  the  'total  minimal  plane,'  from 
which  M  derives.  Since  M  ean  wholly  coincide  with  2ni.  it 
mttU  do  so,  for  otherwise  it  would  not  be  a  minimum,  as  re- 
quired by  hypothesis.  Hence  finally,  b^y  =  bx^^  and,  talcing 
Into  coiutderntiou  the  equations  (a)  and  (b),  we  arrive  at 
desired  rcBuU, 


P^=: 


—        '',y  —  r. 


V(l_r'  )(l-p;.) 


C«) 


y»' 


The  second  case  is  where  equation  (f )  is  assumed  once  more 
and  also  b.^^  =  b,,,  =  b,,,  = .  .  .  =  b,,^  =  .  .  .  =  o.      (h) 

It  is  clear  that  all  the  minimal  lines  must  again  lie  in  one  plane, 
and  this  can  again  be  shown,  by  reasoning  as  above,  to  coincide 
necessarily  with  the  'total  minimal  plane.'  Consequently  bij 
^  bxy^  =:  o.  Hence  equation  (g)  again  holds  good,  dtbefi 
side  of  It  now  being  equal  to  a 
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The  third  case  in  similar  to  the  Gnit,  with  the  exception,  that 
^Tk  *^  pcmittcd  to  vary  with  k,  Under  thcK  conaitions  the 
equation  (g)  will  be  found  valid  to  the  extent  of  giving;  the 
most  pn>tMible  mean  viiliie  of  ri^,^. 

tin  equation  (g)  we  have  reached  at  any  rate  the  form  of  the 
formula  for  eliminating  irrelevant  factors.  But  now  we  have 
to  see  whether,  also,  the  constituent  terms  of  this  equation 
correspond  to  the  respective  values  concerned  in  the  actual 
investigation  of  correlation.  Let  us  therefore  turn  to  actnality, 
say,  to  the  correlation  found  in  my  previous  paper  between 
children's  power  of  diNcriminnting  pitch  and  that  of  discriminat- 
ing weight.  As  irrelcvanl  factor  let  us  take  the  children's  vary- 
iag  age.  Clearly,  the  actually  observed  correlational  coefficients 
•re  derived  from  three  variables,  discrimination  of  pitch,  div 
crimination  of  weight,  and  age;  they  correspond  perfectly  to 
r.y,  r,,  and  fj,  on  the  right  of  equation  (g).  But  the  factor  of  age 
16  obviously  inclrvani  and  disturbing:  suppose,  for  instance,  that 
both  discrimination  of  pilch  and  that  of  weight  improved  with 
age;  then  of  course  we  should  find  a  correlation  between  the 
two  sorts  of  discrimination,  for  both  would  be  best  in  the  same 
children,  namely,  the  oldest;  such  correlation  is  evidently  be- 
side the  question.  Our  true  course  of  investigation  would 
have  been  to  select  for  exi>crimcnt  children  of  exactly  the  same 
age;  hut  this  is  precisely  the  way  wc  arrived  at  r„^;  thus  r,y^ 

(is  the  desired  true  correlation  between  x  and  y. 
It  remains  to  be  considered  how  far  the  actual  observational 
tnaterial  fulfils  the  special  conditions  under  which  alone  the 
formula  (g)  has  been  shown  to  be  exact.  The  present  topic, 
that  is.  the  elimination  of  irrelevant  factors,  comes  under  our 
above  'first  case;'  we  need,  therefore,  the  relations,  (c).  (d), 
(c)  and  (f ).  Of  these  the  two  latter  are  equivalent  to  requir- 
ing the  correlations  of  the  irrelevant  term  {here,  age)  with  the 
tvfO  main  terms  (here,  iliscriminntioa  of  pitch  and  of  weight) 
to  be  linear.  This  limitation  is  less  serious  than  might  be  sup- 
posed ;  for  the  inexactue&i  of  the  corrective  formula  only  be- 
comes appreciable  when  the  irrelevant  correlations  depart  from 
the  linear  form  very  largely;  and  experience  has  shown  such 
large  deviations  to  be  extremely  rare.  Anyhow,  it  can  scarcely 
be  a  matter  of  surprise  that  irrelevant  correlations  become  diffi* 
cult  to  treat  when  uon-line>r,  seeing  that  no  quite  satisfactory 
formula:  have  yet  been  discovered  even  for  the  bare  measure* 
meni  (i.  e.  antecedently  to  all  corrections)  of  the  main  coirda- 
tion  when  uon-KtMar. 

Finally,  the  two  other  conditions  (c)  and  (d),  mean  that  the 
true  correlation  must  not  change  appreciably  for  the  different 
values  of  the  irrelevant  term.    Now,  such  changes  may  be  taken 
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ax,  in  general,  of  a  smallCT  order  of  niagnitii(!e  tlian  tbe  tl' 
tioDS  to  be  climiuated  by  tbe  corrective  formula,  those  tnodoced 
by  mixiifg  different  vuliics  of  the  irrele%-ant  term.  To  retom 
to  our  instance,  there  is  good  reason  to  believe  that  most  cor- 
relations are  very  similar  for  children  of  g  years  as  for  those  of 
13,  although  the  gravest  disturbance  will  often  occur  if  9  and 
13  years  be  thrown  together  into  one  and  the  same  correlation. 
Conditions  (c)  and  (d)  may  therefore  be  considered  sufficiently 
satisfied  whenever  the  irrelevant  influence  to  be  eliminated  b 
of  moderate  amount.  But  if,  iniitead  of  confining;  our  experi- 
ments to  the  agcsof  9~i3,  wc  had  included  those  down  to,  uy, 
5,  then  the  true  correlation  for  5  years  would  probably  have 
had  qnite  a  large  diM,-[eiiiincy  ftom  that  for  t9.  In  such  caae 
one  conld  at  most  expect  any  general  'trnc'  correlation  to  sig 
nify  the  true  mean  correlation;  and  this,  bj*  we  have  seen,  i9 
the  value  actually  given  by  our  formula. 

3.  Proof  0/  the  Jormula  /or  eitminatiag  the  effett  of  intuamtk 
oitervatioH. 

Wc  will  assume  any  two  correlated  series  of  values,  X  and  Y 
to  have  each  been  measured  twice  independently,  and  to  have 
yielded  the  series  of  measurements  x,,  x,,  y,  and  y^.  The  co- 
efficients r.,y,.  r.,y,.  r.^,.  r,^^.  r,„  and  r,^,  can.  of  course,  be 
reckoned  directly.     Wc  require  a  formula  to  reckon  rxv- 

Let  tis  first  consider  the  correlations  between  x,,  x,  and  X, 
and  see  how  tbe  coefficient  between  x,  and  x,  becomes  modi- 
fied when  a  separate  calculation  is  made  for  each  gronp  of  ob- 
jccta  for  which  X  is  constant,  say.  =  X^.  We  may  (airly  as- 
sume the  average  of  all  the  measurements  x,,^  (or  x,^)  to  co- 
incide with  Xk.  or  at  any  rate  to  vary  proportionally  thereto 
for  the  difiercnt  valnes  of  k;  liereby  the  condition  (f )  is  satis- 
fied. Further,  when  we  consider  any  k*  gr""P  1"ite  apart, 
since  the  Quctuacions  in  tbe  two  series  of  measurements  Xi,, 
and  x,^  of  the  same  value  Xk  are  by  hypothesis  independent 
of  one  another,  b.,«,^  (or  b,^,^ )  always  ^=  o.  thus  satisfying 

tbe  condition  (b).     Consequently,  we  have  here  oar  'secood 
case'  and 


4 

4 


f  »lH, fl|X  ■    fjt.X 


=  o. 


<i) 


'■"*  ~  ^(  I  -  f x.x)   (  I  -  fx^) 

where  X  is  fixed  at  Xk  on  the  left  side  of  the  eqaatiou,  but 
remain.-?  variable  on  tbe  right.  Therefore,  since  r  cannot  be 
infinitely  great, 

'xtu  =  t,,x  .  r,^x.  and  analogously  (j) 

'ftrt  ='nv  ■  'nv  (k) 
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Next,  let  US  consider  the  correlations  between  Xj,  X  and  yi. 
If  we  again  make  a  separate  calculation  for  eacb  group  of  val- 
ues for  which  X  is  constant,  the  condition  (f )  is  satined  jost 
as  before.  Further,  in  the  calculation  for  any  k"*  group  con- 
sidered qoite  apart,  Xk,  being  a  constant.  Is  independent  of 
the  fluctuatloiis  in  the  measurements  y,^,  so  that  b,,Xk  =  o 
and  condition  (b)  is  satisfied  again.  Hence  our  'second  case' 
occurs  once  more  and 

r  r„y,  —  r,,x  ■  rr,x 

'"''-   ^(.-rVx)Ci-rVx)    -°-        <'* 
From  this  evidently 

Co) 

(P) 

Finally,  let  us  take  the  correlations  between  x,,  X  and  Y. 
By  reasoning  as  before,  we  get 

rx,Yfc  =  r„v-r,.x.rxY  ^  ^^ 

V{  i-r',,x)(i~r»xY) 
from  which  It  is  evident  that 

rxY  ^  -^^     and  analogously, 
-_  f^iY  _  ry,  X  -_  Iz'JS^. 

By  multiplying  together  the  four  preceding  equations  to  rx  y,  we 
have 

rxY^  _    TxiY  .  r„Y  ■  ryix  .  r^.x- 
Tiix  .  ri,x  ■  r,,  Y  ■  r„Y 

Substituting  on  the  right  of  the  above  equation  from  (j),  (k), 
(m),  (n),  (o),  and  (p)  and  taking  the  real  positive  root,  we 
find  at  last 

rx  Y  ^  " ''^"y '^"i" '  ^''y  •  ''■in)  (a) 

G  (  r,,x, ,  ry,„) 

where  G  denotes  the  geometrical  mean. 


r„x 

ise 

rii  X       r,,  X 

r„v  =  £ii2!  =  Iii^', 

Tyi  Y          Ty,  Y 

and 

r^^y  —  r-T.  _r>.T. 

Ty,  Y            Tj,,  Y 
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la  practice  it  will  usually  be  allowable  to  assume  that  tbe 
two  series  of  measurements  of  tbe  satue  series  of  tbiags  bav« 
been  conducted  with  equal  accuracy.  Theo  r,,  x  =  ra,x  and 
r^,  T  =  Tj,  T,  so  that  equation  (q)  becomes 


rxv 


—  ''■r  (  —  '''in  —  ^'iTi  —  'mti  —  ''«in) 


G(r, 


«i«i  ■  ^rm 


) 


The  discrepatides  that  will  occur  between  the  four  aduai 
values  of  r.  j  must  then  be  attributed  to  mere  chance,  and  most 
be  met.  as  usual,  by  taking  an  average.  Thus  we  get,  oa  the 
assumption  of  the  equally  accurate  scries  of  measurements. 


rjt»  = 


A 


Tbe  above  proof  of  tbe  formula  for  eliminating  tbe  eflect  oi 
observational  errors  is,  as  we  have  seen,  exact  and  perfectly 
general.  It  holds  good  whatever  may  be  the  distribution  of 
values,  or  the  size  or  distribution  of  the  observational  errors, 
in  the  series  concerned  aud  whatever  may  be  the  correlation's 
form.  Any  discrepancies  arise  solely  from  the  practical  neces- 
sity of  applying  the  formula,  not  to  the  whole  series  of  values 
considered,  but  only  to  'random  samples'  of  sttcb  series.  By 
sufficiently  cxtendiug  the  experiments,  tbe  chance  of  discrep- 
ancy may  be  reduced  as  much  as  desired.  The  fOTmuU  for 
irrelevant  factors  is  equally  general,  except  for  the  two  limlia> 
lions  explained  above. 

Both  formula:  concern  themselves,  bowe^'cr,  solely  with  \, 
2xy 
that  is,  with  ->  .   .      ==■     Bui,  as  mentioned  before,  when  the 
Vix'.  ly' 

rclaliou  between  the  two  characteristics  investigated  assumes 
Aome  special  form,  instead  of  the  normal  'linear' fonn  of  dmple 
proiwrtion,  then  tbis  special  form  finds  no  expression  whatever 
in  r  taken  alone.  To  express  this  form  analytically,  other  addi- 
tional terms  are  required.  Thcexact  nature  of  these  additional 
terms  (as  well  as  tbe  outward  shape  of  r  itself)  varies  some- 
what according  to  the  method  of  calculation  adopted.  But 
there  is,  prubably,  no  mathematical  difficulty  in  devising  modi- 
fications of  our  corrective  formulae  to  suit  any  such  terms. 

it  should  be  observed,  that  in  many  cases  the  non-linear 
form  is  more  apparent  than  real.  Generally  speaking,  a  mere 
tendency  of  two  characteristics  to  vnr>*  concurrently  must  be 
taken,  it  seems  to  me,  as  the  eSect  of  some  particular  uodcrly- 
ing  strict  taw  (or  laws)  partly  neutralii:ed  by  a  multitude  of 
'casual'  disturbing  influences.  The  quantity  of  a  correlation 
is  neither  more  nor  less  than  tbe  relative  influence  of  tbe  un> 
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derlytng  Uw  jn  question  as  compared  with  tbe  total  of  all  the 
infltieDces  ia  play.  Now,  it  may  easily  bappcti,  that  the  under- 
lying  Uw  is  one  of  simple  proportionality  but  the  disturbing 
influences  become  ^renter  when  the  correlated  cbanLctcmtics 
arc  larger  (or  smaller,  as  the  case  may  be).  Tbeo  the  underly- 
ing simple  proporlionality  will  not  appear  on  the  surface;  the 
correlation  will  seem  non-Iincar,  Under  such  circumstances, 
r  cannot,  it  is  true,  express  these  variations  in  the  (juantity  of 
correlation;  It  continues,  however,  to  express  completely  the 
ptean  <juantit>-  of  correlation. 

In  the  majority  of  the  remaining  cases  of  non-linearity,  the 
latter  is  merely  due  to  a  wrong  choice  of  the  coTTctalcd  terms. 
For  instance,  lite  correlation  l>elweeu  the  length  of  the  slcull 
and  the  weight  of  the  bratu  must,  obviously,  be  very  far  Uom 
linear.  But  linearity  ia  at  onoe  restored  (supposing  all  the 
skulls  to  belong  to  one  type)  if  we  change  the  second  term 
from  the  brain's  weight  to  the  cube  root  of  tbe  weight. 

To  conclude,  even  when  the  underlying  law  itself  really  has  a 
special  non-linear  form,  although  r  by  itself  reveals  nothing  of 
this  form,  it  nevertheless  still  gives  (except  in  a  few  extreme 
and  readily  noticeable  cases)  a  fairly  approximate  measure  of 
the  correlation's  quantity.' 

>  S«T«r«l  wrltrn..  who  hkvc  made  atlMf wIm  vnlnaMe  codtHbntioiii 
to  tb«  autiiect  of  cortcUtion.  but  bare  been  too  rxi-tuaively  gnliJcA  by 
tbe  parclv  mathcinalical  noint  of  view,  appear  to  bate  wbolly  orer- 
look*d  tbu  (attdamental  distinction  between  Ibe  (onn  and  the  (|aBn- 
tity  of  a  eoirelatioa. 


THE    SIGNIFICANCE    OF    WAVE-FORM     FOR    ODR 
COMPREHENSION  OF  AUDITION. 


Bj  Mjlx  Msybk. 


A  recent  number  of  the  Zeiisthrift  fkr  Ptyehohgit '  contains 
a  set  ot  curves  representing  the  resultants  of  two  sinusoiils 
each  for  all  the  ratios  made  up  of  the  numbers  from  t  ton. 
It  contains,  further,  the  resultant  cnrves  of  the  ratio  3:,i  for 
various  phase-differences,  and  the  resultant  cur^-es  for  the  ratios 
4:5:6,  4:5:9.  and  4:7:9.  In  the  accompanying  article.  ProfeiiMr 
C.  Stnmpf  discusses  these  curves  with  an  aim  indicated  by  the 
following  remarks.  There  is  no  doubt  that  the  Helmholtzian 
theory  of  audition  in  Its  tradttiooal  furm  is  imperfect.  In 
Older  to  modify  it,  we  ought  to  study  the  characteristic  prop- 
erties of  the  various  forms  of  compound  curves.  Then  only 
can  modifications  of  the  tbeor}'  be  worked  out.  Even  those 
who  believe  in  the  theory  of  resonance  quite  literally,  will  be 
able  to  obtain  fn>m  a  study  of  such  curves  material  for  the 
criticism  of  theories  which  are  not  based  on  the  a^^sumption  of 
resonators  in  the  ear. 

The  present  writer  took  a  special  interest  in  this  paper,  be- 
cause mauy  years  ago  he  studied  the  same  curves  with  the 
same  aim.  He  wa.s  soon  led,  however,  to  a  point  of  view  dif- 
ferent from  that  of  Professor  Sturapf. 

lu  the  first  p!ace.  there  arises  the  general  quutioa:  What  is 
the  use  of  mathematual  speculations  about  wave  forms?  They 
will  never  be  of  any  use  whatsoever,  unless  they  can  lead  to 
some  idea  about  the  me^Aanica/  processes  taking  place  in  tfae 
organ  of  hearing,  in  the  cochlea.  Now,  to  obtain  such  an 
idea  we  have  to  search  in  a  region  where  there  are  00  previ- 
ously established  paths.  The  only  aids  for  fiodiug  our  way  in 
this  darkness  are  the  following  ob-servntions: 

1.  Auditory  stimuli,  according  to  a  general  agrtenient, 
consist  of  csdilaliinij.  But  nothing  compels  us  to  assume 
aprieti  that  oscillations  must  be  of  the  form  of  sinusoids  in  or- 
der to  stimulate  the  auditory  organ.     Tkty  might  be  o/oUur 

forms. 

2,  When  we  look  at  a  compound  curve,  1. 1, ,  a  curve  made  up 
by  the  geometrical  addition  of,  say,  two  sinusoids,  U  looks  to  ns 
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like  a  sum  of  several  oscillations  (of  vhiXever /orm  they  way 
be),  just  as  sir  Ai'Dir  a  &um  of  several  tones.  By  comparing 
various  ways  of  locking  at  curves  with  tbe  tones  we  actually 
ktar,  we  miiclit  discover  that  some  ways  of  looking  lead  to  a 
grcalcT  resemblance  tban  others  between  what  we  see  and  what 

re  hear. 
J.  Having  fotind  a  way  of  looking  at  carves  which  leads  to 
a  considerable  resemblance  between  what  we  see  and  what  we 
hear,  we  should  try  to  find  out  whether  onr  organ  of  hirnriug 
could /«»rfw«  mtfhanieaKy  in  the  manner  indicated  by  our  way 
of  looking  at  tbe  curves.  If  we  discover  such  a  function,  then 
our  problem  is  practically  solved. 

Upon  the  general  principles  just  staled  there  seems  to  be 
igreemeot  between  Professor  Slumpf  aiul  the  writer.  There  ia 
no  agreement,  however,  upon  tbe  special  paths  by  which  to 
proceed  in  tbe  application  of  these  principles, 

»I .      WhaJ  is  an  otaHatittn  f 
ProGessor  Stumpf  and  the  writer  agree  that  a  definition  of 
"an  oscillation"  niu.it  be  altogether  a  matter  of  utility.     But 
the  writer  cannot  accept  the  use  of  the  "middle  line"  for  a  dcfi* 
Dition.     On  the  contrary,  he  hu.s  loii>:  believed  that  this  use 
jiarrows  dovni  the  poKsibililics  of  looking  at  curves  to  such  an 
kxtent  that  we  can  never  hope,  by  its  means,  to  reach  a  satis- 
'nctory  agreement  between  what  we  sec  and  what  we  hear. 
By  "middle  line,"  Professor  Rtumpf  means   the  horizontal 
co-ordinate  when  »o  pUce<l  that  all  the  points  of  inflection  of 
the  original  sinusoids  come  to  lie  on  it.      And  by  "an  oscilla- 
Uton' '  he   means  (p.  34.))  n  part  of  the  compound  curve  which 
^taits  from  a  point  on  tbe  "middle  line,"  returns  to  the  "mid- 
dle line."  passes  over  to  the  other  .^ide  of  this  line,  and  returns 
a  second  time  to  a  point  upon  it.      The  part  of  the  curve  from 
tbe  starting  point  to  the  second  crossing  of  the  middle  line  is 
"one  oscillation. "      He  emphasiEes  tbe  fact  that  it  is  our  pur- 
pose in  a  study  of  such  curves  to  count  ike  otdilations,  thus  or 
defined.     But  he  does  not  say  how  we  should  define  and 
sunt  oscillations  in  case  the  curve  mo\-e3  towards  tbe  middle 
ae    sod    then    away   from  it    wi/Aout    toufhing    it.      This 
_  sarse  occurs  iu  innumernblc  instances,  when  the  amplitudes 
^f  the  original  sinusoids  arc  uuc<iua1.     In  such  a  ca»e,  wc  could 
not  simply  omit  the  up-and-down  muvemcut  in  question,  orwe 
should  get  a  collection  of  tones  which  in  reality  do  one  hears. 
The  writer  is,  naturally,  very  far  from  asscning  thai  a  defiui* 
lion  of  an  oscillation  i^  altojjcthcr  valueless,  because  it  is  ap- 
plicable only  to  the  special  case  of  equal  amplitudes:  bnt  he 
believes  that,   when   all   tbe   facts   are    consideted.  Professor 
Stumpf's  definition  by  means  of  tbe  middle  liue  must  be  pro- 
nounced inferior  to  that  which  he  himself   published  in  the 


172 


KBVBS : 


Zdtukrift,  Vol.  XI,  p.  2t6-zi7  (1S96).  In  the  writer's  defi- 
nition. Professor  Stumpfs  "middle  line"  plays  no  part.  Tfae 
qacstion.  therefore,  need  not  be  raised  whether  a  maximum  or 
minimum  reaches  beyond  or  tonches  the  "middle  line."  or 
fails  to  do  so.  What  is  of  primary  importance,  in  the  writer's 
dcBnition,  is  the  ordinate  dijfereHus  af  the  maxima  and  mia-J 
Ima,  not  the  ordinate  valnrs  themselves.  The  absolute  ordi* '^ 
nate  value  of  a  ^ugte  maximum  or  minimum  (referred  to  in 
Professor  Stumpfs  "reaching  l>eyond,"  "toucliing."  or  "leav- 
ing nntouched"  the  "middle  line")  should  not  enter  into  a 
defiaition,  because  the  location  of  the  horizontal  co-ordinate 
is  arbitrary  and.  therefore,  cannot  possess  any  mecbanli 
significance. 

This,  perhaps,  is  the  chief  difference  between  the  writer's] 
altitude  toward  the  present  problem  and  the  attitude  of  Pr 
fcssor  Stumpf :  that  the  former  insists  always  upou  the  possi-^f 
ble  mechanical  significance  of  iheosdUatioas.  In  the  publica- 
tion above  mentioned,  the  writer  allowed  (p.  335)  the  possibility 
of  such  a  mechanical  significance,  although  be  did  not  theai 
succeed  in  making  this  particular  mechanical  application  ap- 
pear very  probable  from  au  anatomical  point  of  view.  Professor 
Stumpf,  however,  is  apparently  satisfi«<l  with  definitions  of 
oscillations  as  such.  He  leaves  the  mechanical  side  of  the 
problem  to  the  future.  He  seems  tn  imply  (p.  sjs,  line  6, 
"EDdltcb")  that  there  is  to  be  found  here  a  collection  of  aU 
posiibie  definitions  of  "oscillatiiins,"  so  that  the  future  investi- 
gator must  choose  among  the  five  given.  But  in  reality,  the 
number  of  such  definitions,  since  they  are.  naturally,  not  lu^i- 
cat  deductions  from  a  single  principle  but  arbilrar>'  inventions 
for  purpows  of  utility,  might  be  largely  increased.  In  partic- 
ular, the  definition  of  "an  oscillation"  developed  by  the  present 
writer  is  not  mentioned.  Now.  since  a//such  detiuitions  of 
"oscillations"  are  originally  equally  arbitrary,  it  would  ap- 
pear that  those  and  those  only  should  be  selected  fordiKcn&tion 
which  evince  a  certain  amount  of  banuouy  with  the  iacts  of 
auditory  observation  and  which  can  l>e  shown  to  possess  a  cer- 
tain mechanical  significance.  The  remarks  by  Professor  Stumpf 
on  pp.  265-263  do  not  seem  to  the  writer  a  fulfilment  of  these 
two  conditions. 

The  definition  of  "oscillatioa"  jiist  spoken  of  is  mentioned 
by  Professor  Stumpf  on  p.  254  under  (2).  He  mentions  under 
(i)  another  definition,  which  regards  the  whole  period  of  the 
sam  of  the  two  sinusoids  as  a  single  oscillation,  but  discards  it 
OS  inadequate.  Let  ns,  then,  turn  to  the  three  remaining 
definitions.  The  third,  which  again  makes  use  of  the  "middle 
IJDe,"   is  this:     "Au  oscillation  is  the  double  length  of  tbej 

first  section  of  the  middle  line  in  case  v- 3>  the  double  lengtt 
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=-  >  3.     The  frequencj"  of  (M»ci)1atJon  is  then  — 31_ ' 

x^  3 

Tbe  fourtli  dcfinitioa  is  this:  An  oscillation  is  th«  period 
firom  on«  relatively  liigliest  ((.  e..  bavin);  lower  ones  at  cither 
side]  maximum  to  the  next  iclntivdy  highest  maximum  of 
the  cur\'e.    The  frequency  of  oscillaliou  is  then  e<iual  to  H — L 

in  case  j^^'-  equal  to  L  in  case  ^->  2. 

The  fifth  definition  is  this:  An  oscillation  is  generally  iden- 
tical with  the  component  sinusoid  of  lowest  frequency.     The 
frequency  of  oscillation  is  then  simply  L. 
[      II.     IVJiai  Jr/im'/ipn  is /Ae  mosf fitvmising  f 

It  is  dear  that  all  definitions  of  "an  oscillation"  have  for 
their  Immediate  purpose  the  finding  of  an  ngrcemeut  between 
the  result  of  our  "looking"  (perhaps  it  would  be  better  to  say 
"couutin);  oscillations  by  looking")  at  curves  and  our  audi- 
tory experiences.  The  agreements  found  here  arc  the  follow- 
ing: 

Looking  at  the  "middle  line,"  in  accordance  with  the  sec- 
ond definition,  may  "explain"  to  us  why  we  can  hear  the 
hightr  one  of  the  two  original  tones.     (//. ) 

Looking  at  the  "middle  line."  iu  accordance  with  tfae  third 
definition,   rather  contradicta  than   agrees   with   observation; 

for  we  do  not  universally  hear  a  wean  lent  ■  -  — '      We   hear 

such  a  tone  only  with  very  special  and  rather  rare  ratios  (very 
small  intervals),     (j*/) 

Looking  nt  a  curve  in  accordance  with  the  fourth  definition 
may  "explain"  dht  diffoena-toKe  in  cases  where  the  intcrA'al 
Sa  less  th^  an  octave.  It  does  not  indicate  the  fact  that  we 
can  often,  indeed  U!(URlly,  hear  more  than  a  single  diffcrence- 
toue.  As  regards  diSerence-tones  of  larger  intcr^'als,  the  defi- 
nition reveals  only  the  negative  fact  that  the  tone  H — L  is 
there  not  ordinarily  audible,  but  nothing  positive;  although  in 
fact  certain  difierence-tones  are  nearly  always  clearly  audible 
in  such  intervals.     (Z^.) 

Looking  at  a  curve  in  accordance  with  the  fifth  definition 
may  "ex{>laiu"  why  we  can  hear  the  lower  oxxt:  of  the  two 
original  tones.     (/,.) 

It  is  plain,  then,  that  for  the  sake  of  an  "explanation"  of 
the  most  ordinary  phenomena  of  audition  (1.  hearing  H,  a. 
hearing  /.,  3.  hearing  ifne  D).  wc  should  have  to  apply  toa 
^veu  curve  at  least  three  different  dtfinitions  of  "etn  oidltaticn" 
at  Iht  same  time;  if  wc  wished  to  include  the  "mean  tone,"  even 
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four  different  definitioHS  at  the  same  time.'    It  is  not  Hlcely  that 
anything  of  sdenllfic  value  will  be  gained  iti  thui  manner. 

For  comparison,  the  writer's  single  definition  of  "an  oscilla- 
tion" is  translated  here  from  Zeitschri/t  XI,  p.  216:  "Find  the 
smallest  ordinate  difference  between  a  maximum  and  the  pre- 
ceding miuimum  (or  the  reverse;  the  order  i.i  irrelevant),  and 
cnt  off  from  each  ridge  and  each  trough  of  the  wave  a  piece 
wbo«c  height  is  equal  to  one-half  of  this  differeaoe.  Each 
pair  of  a  higher  and  a  directly  following  lower  segment  of  tbU 
kind  counts  as  "nnc  oscillntion."  The  height  of  the  scgmcots 
is  to  be  regarded  as  a  measure  of  the  iatennity  of  the  tone. 
Apply  the  ftame  rule  to  the  wave  remaining,  and  so  00  until 
the  wave  is  reduced  to  a  straight  line." 

This  jjHf/c  definition  of  an  oscillation  "explains"  more  than 
all  the  present  five  together;  it  explains,  e.  g.,  the  fact  that  wc 
can  hear  several  di0erence-tones  at  the  Kame  time.  Of  course, 
one  muAt  not  expect  the  definition  to  explain  every  detail  of 
audition:  that  is,  in  any  case,  no  serious  matter.  A  definition 
of  this  kind  is  not  an  end  in  itself,  but  merely  a  means  to  an 
end;  the  end  being  the  dii^rovcry  of  the  mechanical  function  of 
the  inner  ear.  lliis  leads  us  to  the  third  point  of  our  disctis- 
doa. 

III.     The mefkanital  ti^nifiennre  cf  tke  writer's  "oititlaiimt," 

How  does  the  Inner  ear  function  mechanically  ?  All  studies 
of  curves  and  wave-forms,  all  definitions  of  oscillations  and 
their  relntioiLt  to  the  facts  of  audition,  arc  mere  means,  tools, 
aids  in  the  approaching  of  this  problem.  And  tbcrcforc,  any 
definition  of  "oscillation,"  any  manner  of  looking  at  com- 
pound curves,  is  scientifically  valuable  only  in  so  far  as  it  sug- 
gests a  definite  mcclianical  process  which  must  be  found  pos- 
sible under  the  anatomical  conditions  of  the  cochlea.  Now 
Professor  Stumpl  's  paper  gives  no  suggestion  of  a  mechanical 
process  corresponding  to  any  one  of  his  delinitions  of  "oscilla- 
tions." Onthe  other  hand,  having  found  thcdefinition  above 
mentioned,  the  writer  attempted  to  find  a  mechanical  process 
which  was  in  accord  with  it.  Such  a  process  ).s  described  in 
Zeitset>ri/l  XI,  p.  225,  directly  following  the  definition  of 
"oscillation."  The  mechanical  prt'ce.ts.  however,  which  he 
was  at  that  time  able  to  disco%'er,  although  unobjectionable 
from  a  purely  physical  point  of  view,  offered  a  considerable 
anatomical  difficulty.  It  assumed  an  imperfectly  ela.stic  rod, 
fosteocd  to  a  support  at  the  one  end,  the  free  end  moving 
transversely  in  the  form  of  the  compound  curve.  But  what 
anatomical  structure  could  be  a  rod  of  such  properties?  This 
was  the  unsatisfactory  part  of  the  assumt>tion. 

However,  a  few  months  aficr  this  publication,  the  writer  hit 
upon  an  idea  which  led  to  the  unfblding  of  what  he  now  re- 
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ards  85  thff  TOrrct-l — though  incomplete — theory  of  the  me- 
Tchanical  function  of  tlie  inner  car.  The  anslomical  difficulty 
was  solved.  This  solution  U  publislied  in  outline  in  Hett- 
schrijt  XVI.  p.  33.  He  found  that  the  following  oiechantcal 
process  would  correspond  exactly  to  his  definition  of  "oscilla- 
tion." Imagine  a  relatively  Ion fc  and  uanx)w  tube,  divided 
lengthwise,  by  a  flexible  but  perfectly  inelastic  band  or  parti- 
tion, into  two  tubes  of  approximately  semi -circular  cioss-sec- 
tloD.  The  partition,  being  inela.'Stic.  could  not,  when  dis- 
placed, return  to  its  normal  position  by  its  own  force,  but  only 
under  the  influence  ofexleriial  forces,  rmu^iiie  this  p»riition 
to  be  restricted  in  its  movement,  so  that  in  either  direction  it 
can  yield  to  prea.snre  only  within  narrow  limits.  Imsfcine.  fur- 
ther, this  tube  to  possess  at  the  one  end  t^vo  windows  closed 
by  membranes,  one  window  for  each  division  of  the  tube.  Im- 
agine a  piston-like  l>ody  to  be  attached  to  the  membrane  of  one 
of  the  windows.  Now,  when  this  piston-like  body  moves  back 
and  forth  in  the  form  of  any  given  compound  curve,  we  shall 
observe  on  the  successive  sections  of  the  partition  "oscilla- 
tions" which  are  exactly  lilcc  those  above  defined.  Details  of 
this  view  or  "theory"  may  be  found  in  the  pajwr  mentioned 
and  in  other  publications  of  the  writer's.  Here  a  few  further 
explanations  may  be  added.  Under  the  conditions  assumed, 
the  length  of  the  section  of  the  partition  which— point  after 
point — yields  to  the  movement  of  the  piston  must  always  ht 
proportional  to  the  distance  through  which  the  piston  moves 
in  one  and  the  same  direction.  And  whenever  the  piston  re- 
^rerses  its  movement,  ^ghit  to  move  in  either  direction,  the 
Hpoiot  of  the  partition  which  first  yields  must  be  that  nearest 
"  the  windows;  the  other  points  yield  later.  This  la.st  princi^^e 
may  be  exemplified  by  the  fact  that  n  gnn  barrel  sometimes 
explodes  although  the  front  end  is  open;  in  the  same  way  the 
Initial  aections  of  the  partition  yield  before  Iho«e  more  distant. 
The  anatomical  application  of  this  mechanical  function  is  at 
once  clear.  The  cochlea  is  a  relatively  long  and  narrow  tube. 
It  is  divided  by  a  flexible  partition  into  two  divisions.  Each 
^  division  has  a  window  at  the  one  end  of  the  tube.  And  one  of 
H  the.se  windows  contains  a  piston-like  body,  the  stirrnp. 
^  But  there  is  one  seeming  difTicuIty  left.  The  partition  in 
the  cochlea,  although  undoubtedly  flexible,  cannot  bt  regarded 

■  ai  perftcily  inrlastit.  But  thi.s,  far  from  being  a  serious  diffi- 
culty, explains  what  otherwise  would  be  another  difficulty. 
The  partition  i.s  certainly  not  perfectly  inelastic;  and  it  must 
be  its  very  elasticity  which  confines  its  yielding  movements 
within  the  limits  above  spoken  of.  Not,  of  course,  that  by 
assuming  a  ceruin  degree  of  elasticity  of  the  partition  we  re- 
Llapsc  into  the  resonance  theory,  the  piano-in-the-ear  doctrine : 


we  assume  some  elasticity,  but  no  tension.  Indeed,  it  ts  not 
easy  (osce  how  tissues  which  are  mxAkx  tonstanl  tcosioD  during 
the  whole  life  of  the  individual  could  retsiu  their  tension,  and 
not  simply  ({row  longer,  adapt  themselves,  and  thus  lose  their 
tension.  Tliis  is  what  happens  wherever  constatit  tension  is 
observed  in  RTowtnK,  living  tissues,  vegelable  or  animal. 

The  tusk  now  left  is  to  work  out  the  mechanics  of  the  inner 
ear  in  detail,  making  u^  of  all  the  aoalomical  facts  at  our  dis- 
posal. The  writer  tias  worked  out,  to  some  extent,  a  very  few 
of  these  details,  and  has  published  the  results  in  various 
papers.  However,  we  still  have  only  the  barest  outlines  of  a 
mechanics  of  the  inner  ear. 

Ithasbeeo  mcotionctl  that  the  writer's  definition  of  "ab 
oscillation"  does  not  agree  in  every  detail  with  tlie  facts  of 
audition.  It  has  now  become  clear  why  there  could  not  be  a 
perfect  agreement:  the  mcchauical  theory  which  is  strictly 
equivalent  to  that  definition  is — from  the  anatomical  point  of 
view — only  a  chit  anaiogue  of  Ikt  methanits  of  tht  inner  ear, 
not  its  true  representative. 


The  progress  of  the  mechanical  theory,  if  such  progress 
should  result  from  an  increased  interest  in  this  matter  among 
scientists,  is  .sure  to  have  a  beneficial  influence  on  our  purely 
psychological  knowledge  of  the  facts  of  audition.  Whoever 
has  attempted  to  familiarize  himself,  f.;..  with  theresullxof 
such  otherwiK  admirable  work  as  that  of  Kriiger  on  diffin*- 
ence-tones,  must  have  been  convinced  of  the  enormous  waste 
of  mental  energy  rtrsnlting  (rora  the  fact  that  these  experiments 
were  scarcely  made  with  definite  questions  in  view.  Experi- 
ments which  are  not  made  on  the  basis  of  a  definite  theory  may 
sevcrthclcss  lead  to  valunbtc  discoverieN;  but  they  are  more 
a]>t  to  lead  to  the  collection  of  a  mass  of  material  so  large  that 
no  one  can  mentally  digest  it.  Wiih  the  progress  of  the 
theory,  there  will  also  come  s  new  advance  in  experimentation. 
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III.     A  Study  ik  the  Comparison  op  Tuts  iNTBRVAts. 
B;  Edits  A.  Alvokd  aku  Uxuua  B.  Ssakls. 


The  object  of  ibc  experiments  to  be  described  was  to  investi- 
gate tbe  pioceNses  which  occur  in  the  mind  of  a  person  who  ii 
asked  to  estituatc  the  length  of  one  interval  of  time  in  terms  of 
aootber.  No  attempt  was  made  to  test,  except  roughly,  tbe 
accuracy  of  such  eNtiniatinns,  and  the  conditions  were  pur- 
posely left  as  nearly  like  those  of  our  everyday  time  judgments 
u  possible.  The  iutetvals  used  as  standard  varied  from  three 
to  twelve  seconds,  and  were  thus  much  longer  than  those  em- 
ployed in  'time  .sense'  experiments.  The  weight  of  the  study 
rests  upon  ihc  introspeeltve  testimony  of  the  observers  as  to 
their  methods  of  judgment. 

The  observer  sat  in  as  ciuict  a  nx»m  as  could  be  obtained. 
The  experimenter  marked  off  the  inter^'als  by  striking  a  tele- 
graph key  at  the  beginning,  at  the  end  of  the  first  or  staudard 
interval,  and  at  tbe  end  of  the  second  interval.  The  latter  was 
made  from  ten  to  twelve  times  as  long  as  the  Srst,  and  followed 
directly  after  it,  one  and  the  same  click  of  the  key  marking  the 
end  of  the  first  interval  and  the  beginning  of  the  second.  The 
obser\'er  was  asked  to  state  at  the  end  of  the  experiment  how 
many  times  the  first  interval  was  contained  in  the  second. 
Tbe  only  direction  that  was  given  her  was  that  the  times  were 
not  to  Iw  measored  by  filling  them  with  connting;  she  was  at 
liberty  to  use  any  other  method  that  seemed  natural.  Further- 
more, (be  length  of  the  standard  interval  was  varied  so  that  a 
shorter  and  a  longer  one  were  given  aUematcty. 

Tbe  five  observers,  all  fairl)'  practised  in  introspection,  dif* 
fered  decidedly  In  the  methods  they  adopted,  and  may  be  con- 
sidered separately. 

Observer  S.,  in  by  far  tbe  greater  proportioo  of  the  experi- 
ments apOD  her,  judged  the  length  of  the  standard  interval  in 
terms  of  moscular  strain  and  relaxation,  and  that  of  the  com- 
parison ioler^-nl  by  noting  how  many  limes  the  strain  reached 
the  same  degree  of  intensity  as  at  tbe  end  of  the  standard. 
JoosjfAX— a 
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The  »tniia  and  relaxation  were  expressed  by  S.  in  dlfl^nat 
ways,  sometimes  by  the  effort  of  climbing  imaginary  stain  sad 
dropping  back  at  the  end  of  the  unit  interval:  sometimes  br 
thinking  of  bers<rlf  as  nmning  a  race  and  stopping  now  and 
then;  soiuctimcs  simply  in  terms  of  tension  in  the  bead.  The 
6rst  forty  experiment  alleruated  a  »tandanl  of  five  seconds 
with  one  often  seconds:  the  second  forty,  s  standard  of  three 
seconds  with  one  of  six  seconds.  In  all  the  statements  of  re- 
sults given  twlow,  the  amount  of  the  average  error  is  men- 
tioned, together  with  its  sign.  Thus  when  for  the  6vc 
■ecood  standard  the  error  is  said  to  be  -f--5'  this  means  that 
while  the  longer  of  the  two  intervals  was  really  twelve  times 
the  standard,  D.'s  average  estimate  of  it  in  twenty  experinieDts 
was  13.5.  Thtis  the  standard  Interval,  us  reproduced  by  D. 
daring  the  longer  interval,  was  slightly  underestimated,  since 
store  of  the  reproduced  standards  were  put  into  the  latter  than 
were  really  contained  in  it.  In  like  manner  an  error  with 
negative  sign  means  an  overestiination  of  tbc  standards. 

The  average  errors  of  S.  were,  for  a  standard  of  5  sec,  -(-.5 

For  a  standard  of  10  seconds,  +3.0 

"         "         "     3        "  — .8 

*     6         "  -I-I.2 

It  will  thtis  be  seen  that  she  overestimated  the  shortest  in- 
ten'al.  3  seconds,  slightly  underestimated  an  interval  of  5 
seconds,  and  underestimated  to  an  increasing  degree  intervaln 
of  6  and  10  -■seconds.  In  the  next  set  of  forty  experintetiU, 
made  with  standards  of  four  and  eight  seconds  altcruaicly,  S. 
made  much  less  U!ie  of  tension  and  relaxation  and  more  use  of 
a  kind  of  auditory  rhythm  tban  that 'ran  through  her  head.' 
Sometimes  this  rhythm  became  a  tune,  but  oftener  was  without 
marked  pitch  differences.     Her  errors  were: 

For  a  standard  of  from  4  seconds,  — .1 
8         "  +.8 

The  great  accuracy  of  S.'s  estimation  of  the  four  second 
interval  is  noteworthy.     But  more  espedally  to  he  observed  ia> 
the  (act  that  the  underestimation  of  the  eight  second  standard') 
is  considerably  less  than  that  of  the  six  second  standard.     In 
other  words,  while  in  general  one  might  say,  judging  from 
these  rough  rcuU.t.  that  S.  had  a  tendency  to  overestimate  in- 
tervals  below  five  seconds  and  underestimate  intervals  abovel 
that  limit,  she  uudeiestimates  less  when  she  uses  nn  auditory 
rhythm  to  judge  by  than  when  she  uses  strain  and  relaxattos. 

Observer  Aid.  did  all  her  measuring  in  motor  tenns,  not  in- 
volving tension  and  relaxation,  but  merely  imagined  movement. 
probably  a  sort  of  rh)  thm  with  decided  motor  elements.  She 
imagined  her  eyes  moving  along  a  line,  her  hand  writing, 
her  head  bobbing  up  and  down,  her  feet  walking.    The  ex- 
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pcrimcnts  followed  the  same  plaa  as  with  S.    The  following 
^.are  the  average  error?: 

■  Slandard:     s  seconds.     Error:     ^i.S 

■  ro  +t.6 

■  "  3        "  — a.8 

■  8  -r.o5 

^V  Ever;  standard  except  that  of  ten  seconds  was  overestimated. 
For  observer  \V. ,  the  imervats  measured  themselves  by  an 
imagined  auditory  rhythm,  and  within  the  long  interval,  at 
the  end  of  each  period  of  time  which  wait  judged  equal  to  this 
jitandard,  the  rhythm  sericrs  came  to  an  cod  with  an  auditory 
image  of  the  count.  'tbTec.'  'five,'  etc.  The  standard  itseU" 
was  not  filled  with  any  rhythm;  the  Utter  set  in  ostially  shortly 
after  the  beginning  of  the  large  interval.  The  rhythm  was 
daring  the  first  part  of  the  long  inlen'al  entirely  independent 
of  breathing,  which  waH  often  quite  irregular,  hut  towards  the 
end  of  the  time  the  breathing  tended  to  fit  itself  into  the  rhythm 
already  establLihed.  A  number  of  timeit  it  appeared  to  W. 
that  the  beats  of  the  rhythm  were  synchronous  with  heart 
beats,  and  this  was  approximately  verified  by  feeling  the  pulse 
at  the  cloae  of  the  experiment;  in  other  caxcs  the  rhythm 
seemed  to  be  faster  or  slower  in  ■  way  which  the  heart  beat 
could  scarcely  account  for.     The  following  were  the  results 

^»rW: 

^H  Standard:  4  seconds.     Average  error,     — 5.7 

I    U% 
^Boterv 


s 

6 
■o 

5 
13 


—1.05 

•  I  ■<  ^_^   . 

i*  ■'  ^^    A 

41  i<  ^__    - 

It  will  l>e  seen  that  W.  resembles  A.  in  overestimating  every 
iterval  except  the  very  longest  one;  and  that  even  the  tea 
'isecond  interval,  which  A.  did  .thotten  in  reproduction,  was 
lengthened  by  W.  These  results  surprised  W.  herself,  for  she 
felt  always  in  the  case  of  the  longer  standards  that  her  repro- 
dtictionsof  them  were  too  short.  W.  made  almoKt  no  use  of 
strain  and  relaxation  as  a  method  of  measurement. 

In  observer  F.  .still  another  incthiKl  of  reprcducltoti  showed 
itself  At  the  end  of  each  of  the  first  three  to  seven  periods, 
within  the  longer  interval,  which  was  judged  equal  to  the 
standard,  a  more  or  leas  distinct  auditory  image  of  the  click  01 
the  key  presented  itself,  as  it  were  automatically,  and  the  ob- 
server's attitude  was  simply  that  of  waiting  for  this  imaginary 
sound.  The  image  accarately  reproduced  any  slight  peculiarity 
in  the  click  sudi  as  was  occasionally  produced  by  the  experi- 
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tnenter's  not  striking  the  key  quite  squarely.     Sometimes  as 

mauy  as  aeveu  imafciiiary  clicks  were  heard  during  the  long 

intervals,  but  they  tended  to  l>ecomc  less  distioct  as  they  vrtre 

further  temovcd  from  the  original  sound.     When  tbey  did  not 

occur,  strain  and  relaxation  sensations  .seemed  to  be  used  for 

measuremcut.  and  these  were  also  experienced  with  the  sound 

Image.     Once  P.  said  there  seemed  to  be  "a  contraction  until 

the  sound  image  came  snd  then  an  explosJoo,"  and  UHHbd 

time  she  said  that  "everything  pulled  towards  the  Bouad." 

Her  results  were  as  follows: 

Standard:     5  sccotMJs.     Average  error,     — ,6 

10         •'  "  "      +2.4 

■f  g         •■  f.  ..        _^ 

8         "  "  "        +.3 

We  see  again  here  the  tendency  to  overestimate  the  shorter 
intervals  and  underestimate  the  longer  ones,  which  was  dis- 
played by  observer  S. 

The  images  of  the  .vinnd  of  the  key  were  reported  also  by 
the  fifth  observer,  A.,  fluctuating  as  to  distiuctucss  and  some- 
times  vanishing,  but  present  iu  the  majority  of  cases.  Inter- 
vals without  the  auditory  image  were  oftenest  judged,  Alv. 
said,  'mechanically,' — the  meaning  of  this  is  ttncertain.  A 
sense  of  hurry  wjw  nfteii  experienced  iu  experiments  with  the 
loug  standard.     A.'s  results  were: 

Standard:     5  seconds.     Average  error,    — .a 
10        •'  "  ■•      4-a.4 

7        ■•  "  •*      +5'5 

Like  S.  and  P. ,  this  observer  oveFcsttmstes  the  short  stand- 
ards and  underestimates  the  long  ones.  The  very  large  under- 
estimation of  the  7  second  standard  is  anomalous. 

In  spite  of  (he  individual  diSerences  thns  brought  out.  there 
is  a  hint  of  a  gcneml  principle  to  be  found  here.  The  two 
observers,  S.  and  F.,  who  reported  the  influence  of  strain  and 
relaxation  most  frequeully,  show  a  tendency  to  make  the 
longer  standards  too  short  in  their  reproduction  of  them.  Od 
the  other  hand  the  two  observers  Aid.  and  W.,  who  usaalty 
filled  the  intervals  either  with  imagined  movements  or  with  an 
anditory  rhythm,  noticing  little  or  no  strain,  tend  to  make  »U 
the  standards  too  lou^  in  their  reproduction.  Xow  to  measure 
an  interval  by  the  increasing  intensity  of  strain  scn-;ntions  pro- 
duct as  one  waits  for  the  end  is  decidedly  fatiguing,  on  the 
testimony  of  the  observers  themselves,  and  there  is  a  natural 
tendency  to  shorten  the  longer  intervals  as  a  result  of  this 
fatigue.  On  the  other  hand,  when  the  intervals  are  mentally 
filled  with  a  more  or  less  varied  content,  involving  no  strain, 
and  very  little  Eatigue,  the  observer  might  have  easily  run  a 
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little  over  the  point  of  objective  equality  to  tlie  staudard  in  faer 
reproduction,  especially  where,  as  wa»  the  case  with  W,.  ex- 
pcricDciDK  the  standard  interval  it«clf  did  involve  some  straia, 
as  she  tried  each  time  to  impress  herself  anew  with  its  length, 
and  (lid  not  involve  the  auditory  rhythm,  which  developed  only 
in  ibc  long  inlcr\'al.  It  is  too  difficult  to  know  what  A.  tneaos 
by  the  'mechanical'  reproduction  of  the  sinndnrd  to  interpret 
her  results  with  certainly,  but  the  method  of  measurement  by 
waitiuf;  for  the  recurrence  of  an  auditory  image  would  naturally 
involve  teusion  and  relaxation,  and,  as  we  have  seen,  was  ex- 
plicitly reported  to  do  so  by  F. 

It  is  clear  that  speculation  regarding  the  caiLse  of  the 
tendency  shown  by  S.,  K.  and  A  ,  to  overestimate  shorter 
standards  and  underestimate  larger  ones,  is  of  little  value 
owing  to  the  roughness  of  the  method  of  experimentJition. 
We  had  some  c^-idencc  that  one  influence  at  work  bcrc  may 
have  been  derived  from  our  procedure  of  ftiviug  a  shorter  and 
longer  standard  in  alternation.  This  influence  was  the  reverse 
of  contrast,  the  standards  tending  to  be  mentally  assimilated 
towards  an  intermediate  value.  A.  wax  given  a  .series  in 
which  a  9  second  standard  was  used  continuously,  and  this 
was  overestimated,  the  error  being — 1.5,  although  7  and  10 
■eoonds  bad  been  underestimated  by  the  other  method.  The 
auditory  image  played  le^s  part  in  A. 's  introspection  in  this 
series,  most  of  the  judgment  being  deNcribed  n»  mechanical. 
W.,  who  overestimated  everything  below  13  seconds,  which 
she  uudcreslimated  when  it  was  given  in  alternation  with  5 
seconds,  the  error  being  -\-2.8,  undcrcetimatcd  14  seconds 
given  without  alternation  decidedly  less,  the  error  being  only 
-\-.6.  Aid.,  who  also  leni^thened  all  the  intervals  but  the 
longest  used,  10  seconds,  overcstimaied  8  seconds  by  an  error 
of — 1.05  when  it  was  used  in  alteruntiou  with  4  seconds,  btit 
by  an  error  of — 3.65  when  used  alone;  that  is,  there  was  a 
certain  teodenc)-  in  the  direction  of  underestimation  of  this 
interval  wlien  tised  in  alternation  with  a  much  sliorier  one, 
although  the  tendency  did  not  amount  to  actual  underestima- 
tion. S.,  on  the  other  hand,  who  was  given  the  standard  ot 
4  seconds,  with  which  she  made  the  best  record  where  short 
and  long  standards  were  alternated,  the  error  being  only  —.1, 
in  a  series  by  itself,  made  an  error  of  only  — ,3,  so  that  it 
looked  as  though  she  found  this  inicr\*al  especially  easy  to  re- 
produce under  any  circumstances.  F.  was  uot  tested  on  this 
point, 

»     Rough  as  the  experiments  in  this  stndy  are,  their  resalts 
Indicate  a  few  conclusions  of  some  interest. 
( I )  There  is  great  individual  difference  in  the  methods  used 
for  the  reproduction  of  the  standard  interval;  the  principal  ones 
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arc  slr&in  and  relaxation,  imagined  movements,  auditory 
rhythm  aud  the  spontaneous  occurrence  of  auditory  images  of 
the  limiting  istimolas. 

(2)  Where  strain  and  relaxation  were  promtoently  con- 
cerned there  was  a  tendeno'  to  shorten  the  longer  standards, 
possibly  on  account  of  fatigue. 

(3)  Where  n  »hort  and  a  long  standard  were  alternately  used 
no  contrast  effect  whatever  was  visible:  rather  there  wcic  some 
indications  of  a  tendency  to  assimilate  the  two  towards  aa 
intermediate  value. 


IV. 


TBB   IX)SS  op   AS90CIATTVR   POWRK   IN   WO8DS 

Aptkh  Long  Fixation. 


B^  Bluabctii  Skvkrancii  *ad  MANGARicr  P1.0V  WASBnt'XK. 

The  phenomenon  referred  to  in  the  title  of  this  paper  is  one 
that  is  familiar  to  most  people,  but  has  never,  so  far  as  we  are 
awar^,  been  made  the  subject  of  experimental  study.  If  a 
printed  word  is  looked  at  steadily  for  some  little  time,  it  will 
be  found  to  take  on  a  curiously  strange  aud  foreign  aspect. 
This  loss  of  familiarity  in  its  appearance  sometimes  makes  it 
look  tike  a  word  in  another  lauguaf:e,  sometimes  proceeds  fur- 
ther until  the  word  is  a  mere  collection  of  lettent,  and  ooca- 
sionallv  reaches  the  extreme  where  the  letters  themselves  look 
like  meaning! t:s.><  mark.s  on  the  paper.  In  the  present  study  we 
have  attempted  to  obseT\*e  this  process  in  detail  and  under 
ex]>eritiiculal  control. 

To  secure  uniformity,  the  words  used  were  all  of  six  letters, 
printed  in  long  primer  type,  cut  out  of  the  same  periodical  and 
placed  upon  a  background  of  white  paper.  Words  without 
capital  letters  were  employed.  The  observers,  six  n'omcn,  all 
with  a  fair  amount  of  introspective  training,  were  required  to 
look  fixedly  nt  a  word  for  a  period  of  three  minntes,  mea-tured 
l^  B  stop  watch,  and  to  describe  ail  the  changes  undergone  by 
the  appeflionce  01'  the  word.  The  approximate  time  of  ihese 
changes  was  noticed.  A  few  typical  instances  of  the  resultant 
phenomena  are  here  given: 

(I)    Word:  tarter.  Observer:  W. 

Time:    6  sec.    tttr  staodsout  proralaeatly  *ikI  Kiv«(  the  word  aa  un- 
tamiliar  look. 
»  Mc.    Sound  anggcstion -^csre — er. 
31 KC.  "  "  =carc«r,  lor  n  Hiogcte  inoUDt. 

46  see.    The  i«coDi]  e  looki  like  c;  lite  sound  ol  tlic  Latin  word 
carctr  suRKciitc<]. 
■  mlB.  90  MC.    No  aountl  ■ugg'etiiloD  :  the  word  loolti  entirely 
foreign. 
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9  nJn.  48  wc.    A  nttt  collectioii  «f  l«tter>,  with  occasional 
'fl*(hcs'  of  tfae  'career*  sotiiid. 
(3)    Word:  Mood.  Obterrer:  8, 

ItBc:  13  sec.    SouDt]  blood. 

34  aec.         "     loo.  b  and  d  look  like  each  otbcr  tntned  b*ck- 
wa.'dn,  hcacc  In^aojIl{;!eK». 
I  bi(d.  o'a  look  nnlamiliHT.  ataring. 
I    "    19  twc.    b  and  d  look  like  p  aad  q  nptide  down. 
t     "     3j*cc.     Sound 'blood,' Iheii  'blMVl,' ib«u 'loo,' 
3    "    39  aec.    A  coll«ctiod  of  lettcta. 

Word:  rambU.  Obacmr:  Aid. 

3  Mc.    Sound  of  tliuntlcT. 
■  I  aec.         '■      '■  btimblc  bee. 
31  ace.    Woril  divides  into  rum  ble. 
59  KC.     nmble.     VtrJah  Hccp. 

I  mil),  11  ace.    No  uicaiiiiiK  to  wonl. 
19  aec.     o  looked  like  n  upside  down.     No  sound  or  meaoins- 

3  mill.  39  «cc.     Think  ol  lound.  bnt  it  uo  loDgcr  &ta  tbc  look 
ol  tbe  wotd. 

3  mill.  59  Mc.    l.«tteni  all  look  qaeer. 

These  examples  will  serve  to  illostrate  the  general  character 
of  the  Tcsulli^.  The  followiti([  &ct  appeare<l  us  the  outcome  of 
a  careful  compnriiKMi  of  the  data  from  all  the  observers.  If 
the  compoiieuts  which  enter  iuto  the  meutal  complex  ordiiiarily 
Javolveil  ill  the  .sight  of  a  printe<l  word  l>e  grouped  under  the 
three  heads  of  visual,  auditorj'-tnotor  and  meaning  elcnients, 
it  may  be  said  that  the  meaning  of  the  word  and  its  nonnal 
auditory- motor  image  usually  disappeared  from  consciousness 
witbiu  a  few  seconds  after  fixation  b^an.  The  place  of  the 
aomial  niKlitory-motor  image  was  often  taken  by  oth«rs  NUg' 
gcsted  by  fragments  of  the  visual  word  which  assumed  special 
prominence ;  in  other  ca.s<c;s  foreign  language  sound  associations 
appeared.  At  instants  during  the  entire  experiment  the  nor- 
mal sound  imaRC  might  recur  'for  a  flatih.'  In  tlie  latter  part 
of  an  experiment  all  sound  and  mcaoing  elements  would  often 
vanish,  yet  the  combination  of  visual  elements  would  still  be  a 
[amiliar  one,  Later,  the  vUunl  word  might  lose  its  familiarity 
as  a  combination  and  be  described  as  "a  colicction  of  letters," 
And  finally,  even  the  letters  ihemselveH  sometimes  became  un- 
lamiliiir,  the  printed  word  appealing  to  be  n  number  of  «lrange 
marks  on  the  paper.  These  stages  by  no  means  all  occurred 
in  every  experiment,  but  they  were  oltserved  with  sufficient 
frequency  to  allow  their  urder  to  be  approximately  determined 
as  above.  In  explanation  of  them  the  following  considerations 
are  offered 

The  first  effect  of  gazing  fixedly  at  s  word  is  naturally  to 
concentrate  attention  u()on  iti  appearance.  Under  ordinary 
circumstances,  the  look  of  n  word  in  a  famillAr  language  is  at- 
tended to  only  for  the  briefest  possible  instant ;  its  sound  and 
meaning  associations  at  once  enter  upon  possession  of  the  field 
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of  alteatioD.  The  v«ry  fact  that  the  observer  in  oar  experi- 
ments was  told  to  look  fixedly  st  tbe  word  resulted  in  an  ab- 
normal promincDce  of  the  vUual  eleuietits  Ju  the  ordinary  word 
complex.  Several  pbenomcoa  conneclcd  with  this  fact  were 
observed  which  greatly  contributed  to  the  loss  of  the  normal 
assodatiotis  of  the  word.  First,  the  letters  in  the  word  tended 
to  fall  into  gronpe.  The  normal  sound  association  of  the  whole 
word  accordingly  vanished,  and  each  of  the  two  or  more  groups 
of  letters  into  which  the  word  disintegrated  gave  a  sound  sug- 
gestion of  its  own.  Thus  'eaatle"  became  'cast-le,'  'toward' 
became  'tow-ard,'  and  so  on.  In  all  the  observers  an  inclina- 
tion was  noted  to  make  this  division  a  symmetrical  one ;  'regret' 
was 'reg-ret,'  'secret.'  'secret.'  Words  like  'terror,'  'coffee,' 
'yellow,'  whose  syllables,  that  is,  division  of  the  normal  sound 
image,  corresponded  to  symmetrical  divisions  of  tbe  visual 
word,  kept  normal  sound  and  meaning  longer  than  those  whose 
visual  and  auditor>-  divisions  did  not  coincide;  thus  'mother* 
promptly  became  'mot-her.'  Secondly,  the  form  of  one  or  two 
letters  in  a  word  would  often  stand  out  with  special  prominence 
firom  among  the  others.  These  letters  were  more  commonly 
those  with  more  striking  form.t.  such  as  'a'  and  '»;'  'm'  was 
also  a  salient  letter  apparently  because  of  its  greater  area,  so  to 
speak  :  but  the  letters  b,  p,  d,  q,  u  and  u  had  a  curious  way  of 
assuming  prominence  because  of  their  tendency  lo  reverse 
themselves.  That  is.  p  would  look  like  d  upside  down,  b 
would  look  like  d  reversed  and  so  on.  This  concentration  of 
attention  on  a  single  letter  was  a  powerful  factor  in  bringing 
about  the  loss  of  the  normal  sound  association  of  the  word, 
and  also  in  destroying  its  familiar  look.  Thirdly,  when  a  word 
was  unphoneticsily  spelled,  il  tended,  on  being  fixated,  to  .sug- 
gest the  sounds  connected  with  the  various  letters  rather  than 
its  propel'  pronunciation.  The  word  'caught'  for  example  very 
quickly  called  up  the  sound  'cagt.'  This  was  undoubtedly 
connected  with  the  tendency  of  individual  letters  to  become 
the  focus  of  attention  in  the  visual  word.  One  could  not  say 
that  the  more  usual  sound  association  was  suggested  in  place 
of  the  less  usual  one,  for  the  letters  'aughf  are  never  pro- 
nounced 'agt :'  the  fact  was  that  the  'g'  usnrpctl  utteution  be- 
cause of  its  striking  form,  and  produced  its  own  sound  associa- 
lion.  On  the  other  hand,  the  word  'indict'  suggested  'in  diet' 
both  because  the  c  was  attended  lo  and  because  the  sylUkble 
'diet'  is  moie  commonly  pronounced  as  in  'diction.'  'Tongue' 
promptly  suggested  the  sound  'ton  gue,'  because  attentfou 
fixed  on  tbe  look  of  the  word  naturally  centered  as  much  oo 
tbe  silent  letters  as  on  thoi^c  ordinarily  sounded. 

Again,  the  appearance  of  a  word  steadily  fixated  would  some- 
times suggest  the  sound  a.saociation  of  a  foreign  language. 
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Occasionally  tb<  whole  word  n^uld  act  io  this  way,  as  when 
the  word  'circle'  called  up  the  Italian  procuDCiation  'chircte.' 
At  other  times  when  the  word  had  'separated'  into  parts,  a 
part  would  suggest  the  foreign  sound ;  for  instance,  in  the 
word  'jungle.'  the  letters  'jung'  associated  themselves  with 
their  German  sound. 

The  I0S.H  of  meaning  association  from  the  word  complex 
SMms  to  as  to  be  intimately  connected  with  the  Ructuations 
and  changes  in  the  sound  images  suggested.  The  associative 
connection  betwetm  the  sound  of  11  word  and  its  meaning  i* 
much  closer  than  that  between  the  meaning  and  the  mere  look 
of  the  word.  When,  as  not  infrenuently  happened  in  the  later 
stages  of  an  experiment,  no  sound  image  whatever  was  present, 
although  the  word  as  seen  retained  its  familiarity,  there  was 
never  any  vestige  of  meaning  present.  The  look  of  a  word 
probably  cannot  suggest  its  meaning  without  the  simultaneoos 
presence  of  au  auditory- motor  image.  The  fact  that  spoken 
language  is  both  earlier  teamed  and  oftencr  nscd  than  written 
language  is  a  sufficient  reason  for  this. 

The  meaning,  then,  vanishcH  when  the  proper  sound  image 
of  the  word  disappears.  But  wby  should  thr  latter  go?  Wc 
have  seen  that  its  place  is  usually  taken  by  other  sound  images 
suggested  by  parts  of  the  visual  word,  either  syllables  or  let- 
ters. The  reason  why  the?e  fragments  of  the  word  assume 
prominence  is  doubtless  cnnnecie<l  with  the  law  of  xhlfling  at- 
tention. The  attention,  concentrated  upon  the  appearance  of 
the  word,  cannot  remain  fixed  for  more  than  a  few  seconds 
upon  this  OS  a  whole,  but  shifts  from  one  syllable  to  another, 
or  is  attracted  to  a  particular  letter  that  has  some  peculiarity  of 
form;  and  as  now  one  part  of  the  visual  word,  now  another,  is 
attended  to,  the  sound  associations  also  vary.  The  normB) 
sound  association  of  the  whole  word  is  thus  lost. 

If  we  ascribe  the  loss  of  meaning  and  of  the  normal  sound 
image  to  the  shining  of  attention  from  one  part  of  the  visual 
word  to  another,  how  are  we  to  explain  the  further  changes 
that  often  occur  io  the  later  part  of  an  experiment  ?  At  one 
stage,  the  printed  word,  with  a  perfectly  familiar  aspect,  is  at- 
tended to  as  a  whole,  without  the  slightest  suggestion  of  either 
sound  or  meaning.  Then  the  familiarity  mark  of  the  combina- 
tion may  be  h»t,  and  the  word  isji  group  of  letters,  the  letters 
themselves  being  really  letters,  however,  that  is,  being  familiar, 
though  without  .-iound  suggestion.  And  finally,  the  letters 
themselves  become  mere  oddly  shaped  marks  on  paper.  Thns 
for  example,  'pocket'  with  observer  S.  first  suggested  a  nvcan- 
ing  aswciatton,  which  was  lost  upon  the  word's  separation  of 
itself  into  poc-ket;  then  the  c  looked  like  a  broken  'o'  and  the 
sound  suggested  was  'pooket;'  then  the  letter  k  a.'sumed 
prominence  and  began  to  look  un&miliar ;  finally  all  the  letters 
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except  pand  o  'looked  queer.'  The  word  'middle,'  after  sug- 
gesting two  or  three  meaui»f(3  to  observer  Sea.,  last  its  ordi- 
nary meanings  tbrougb  the  prominence  assumed  by  'iddle,' 
which  seemed  to  the  observer  to  have  a  vague  meaning  of  its 
own,  aa  irell  as  n  sound;  then  the  word  became  a  mere  collec- 
tion of  letters,  the  d's  looking  like  b's  turued  backward,  and 
at  the  end  of  llie  three  miuntes  the  letters  tlicmselves  had  be- 
come  'queer  marks.'  A  fact  which  interested  us  about  the 
later  stages  was  that  the  visual  word  as  a  whole  could  look 
familiar  after  it  had  ceased  to  suggest  either  meaning  or  iindi- 
tory-motor  associatious.  The  same  was  true  of  the  individual 
letters.  The  pati.sage  from  the  stage  where  the  word  was  a 
faniilinr  visual  object  in  its  entirety  to  that  where  it  became 
a  mere  'collection  of  letters'  was  distinctly  later  in  its  occurrence 
than  the  luss  of  definite  associations  with  the  word,  Similarly, 
when  the  letters  themselves  ceased  to  be  letters  and  became 
marks  on  the  paper,  it  was  nut  because  they  lost  at  that  mo- 
ment all  suggestion  of  sound ;  the  sound  had  usually  gone 
Bomeliine  before.  It  wasalo.<ts  of  familiarity,  not  of  association; 
and  the  exi>criments  Illustrated  very  clearly  the  fact  that  famil- 
iarity, recognition,  docs  not  necessarily  involve  associated  ideas. 

But  why  do  the  shifting  a.ssociations  diaappear,  and  why 
does  the  familiarity  itself  ultimately  disappear?  If  the  shifting 
associations  are  due  to  the  tendency  of  attention  to  fluctuate, 
the  same  tendency  which  is  illustrated  in  rivalry,  aud  is  here 
shown  by  the  wandering  from  one  port  of  the  visual  word  to 
RDOther,  why  does  not  this  process  keep  up  indefinitely?  It 
looks  very  much  as  though  we  had  to  deal  here  with  something 
like  auto- hypnosis.  Prolonged  concentration  of  the  attention 
upon  an  object  which,  while  it  does  not  remain  entirely  un- 
changed, yet  can  change  only  within  narrow  limits  and  with 
constant  recurrence  tn  the  same  phases,  produces  an  increasing 
narrowiKSS  of  the  field  of  consciousness ;  the  associations  drop 
off  entirely,  then  the  'fringe'  of  familiarity  goes,  and  finally  we 
ap()ronch  as  nearly  to  a  bare,  peripherally  excited  scn.sc  im- 
pression of  the  marks  which  normally  are  letters,  as  we  can  get 
in  adult  ex{>erience.  Whatever  may  ultimately  turn  out  to  be 
the  explanation  of  the  oarrowtug  of  consciousness  in  hypnosis 
brought  on  by  allenlion  to  a  monotonous  object,  will  explain 
the  final  loss  of  associative  power  and  of  familiarity  in  a  word 
lung  fixated.  For  attention,  pure  Being  and  Not-Being  are 
ideuttciil ;  we  attempt  to  reach  [icrfect  concentration  of  atten- 
tion upon  a  single  object,  aud  the  object  dissolves  in  the  process. 

In  conclasioD  we  may  add  that  analogous  phenomena  have 
been  observed  by  many  people  as  occurring  when  a  spoken 
word  is  repeated  a  number  of  times,  so  that  attention  is  ab- 
anrmally  concentratc<l  on  its  sound.  Kxpcriments  upon  this 
oiut  are  to  be  uuderiakcn  in  the  near  future. 


ON  SYSTEMATIC  ERRORS  IN  TIME  ESTIMATION. 


By  P.  M.  UxmAK,  t'nircriJt)'  of  PctiMylTkiita. 


It  was  found  ia  a  statistical  study  on  the  estimation  of  time- 
interrals'  of  different  length  and  of  different  61Iing  by  a  great 

number  of  subjects  thai  the  numerals  (o,  i 9)  did  not 

occnr  with  the  same  frequency  at  the  Inst  place.  The  numerals 
zero  and  five  occurred  with  the  greatest  frequeoc>-  and  the 
numbers  next  to  /.ero  and  five  (1  and  9,  4  and  6)  occurred  with 
the  smallest  frequency.  Since  there  was  in  the  statistical  data 
DO  indication  for  a  further  analyaLs  of  this  fact,  it  seemed  nec- 
essary to  go  back  to  the  mtudy  of  this  phenomenon  in  individ' 
nal  psychology.  An  iovestiKation  was  about  to  be  undertaken 
when  a  paper  of  Mr.  O.  Mci8>ncr'  was  publisbet],  which  dis- 
cussed the  estimation  of  short  time  intervals  in  terms  of  frac- 
tions (tenths)  of  a  second.  These  results  show  striking  simi- 
larilie.s  with  ours  but  they  show  also  some  differences  and 
considerable  ligbt  is  thrown  on  the  nature  of  the  mental  process 
of  eKtimutin^  lintc  by  compuring  both  results.  I  owe  to  the 
Idnducssof  Mr.  Meissiicr  some  important  iuformaiion  and  val- 
uable help  which  assisted  me  greatly  in  lim  work. 

Mr,  Meissner's  results  refer  to  the  estimation  of  short  time 
intervals  by  trained  subjects.  The  results  are  takeu  from  the 
obwTvations  of  tranifiu  of  stars  made  by  three  obficrvcrs.  who 
are  called  W,  K.  and  N.  N  made  is.aSs  observations;  K  and 
N  made  8.505  and  i6,2i5obaeTvations  respectively.  Theories 
of  observations  was  extended  over  several  years  and  with  two 
of  the  observers  inteTmissionsof  considerable  Icugth  occurred. 
At  the  Wginniiig  of  the  scries  N  was  35  years,  and  \V  and  K 
were  between  30  and  23  years.  N  was  a  practiced  observer; 
the  practice  of  W  and  K  was  not  great  but  they  bad  had  some 
practice.  In  so  great  a  number  of  observations  one  would 
suppose  that  every  tenth  should  occur  in  the  judgments  ap- 
proximately with  the  same  frequency,  1.  €.,  in  10%  of  all  the 

'  In  ■  joint  publicBtUm  of  the  aatfaor  with  Mr.  R.  U.  Verkes,  Time 
BMimntion  in  IM  Relation  to  Sex,  AKe.andlbcPb;*lo)i>Kica]  Rbytbmi, 
1906.  Harvard  I'sychologkul  StiidiM,  Vol  II,  pp.  4os-4}0- 

'OttoMdsinpr:  Ueber  lyatemntisclie  Pehler  bei  Zdl  uni!  Rauffl 
Scliaetianaeii.  .\stTono  mire  tie  Nocb  rich  lea,  Ang..  1906,  Vol.  173,  No. 
4ii,V  A  abntt  report  nuty  be  foaiKl  In  Sit>uni|;*Dcrklitc  d«r  Bcrllucr 
MaihvmBtioctacn  Gescllichaft.  15.  April,  1906.  pp.  70.7J  (Arcbfvder 
Mathcmatilc  nod  Phyaik,  Vol.  X,  No*.  3  and  4). 
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cases.  The  results,  however,  show  that  certain  numerals  are 
slways  fttvored.  i.  e.,  they  occur  in  a  higher  frequency  than 
(o%.  This  predilection  is  subjected  to  variations,  which 
tuay  be  considerable  and  which  »rc  tip[»rcntly  quite  irrcg- 
nlar.  This  preference  for  certain  numerals  coustituies  a  sys- 
tematic error  which  one  cannot  obviute  by  conibtning  the  re- 
sults, because  only  accidental  errors  can  be  eliminated  in  this 
way.  These  systeinatic  errors  varied  much  with  W,  in  whose 
judgments  the  frequency  of  zero  in  the  last  part  of  the  series 
was  one-half  of  that  in  the  first  part,  but  they  remained  fairly 
constant  with  N.  The  fact  that  N  was  a  practiced  observer 
and  that  W  had  had  not  much  practice  suggests  the  view  that 
these  variations  depend  on  the  practice  of  the  observer.' 

Tablx  I. 

Fre^ufiKy  of  M«  Numerals  (o  to  ^)—U^it,f3s  Observulians,  K  8,^0$ 
Obteruationt,  A'  /6,tij  O^ervaliotu. 


W 

K 

N 

ArerBge. 

9.04 

*l:g 

19.83 

16.61 

* 

9-45 

S->4 

6-19 

a 

u.ja 

4.7a 

13.49 

9.84 

II.  IS 

9-35 

13 -5i 

II.03 

'"■97 

JJ.IO 

10.91 

11.66 

1 

6.35 

11.17 

8.09 

8.M 

Z.M 

"0-J9 

4-45 

7.;i 
8.61 

1 

II  .6^ 

9.00 

S-'9 

«I-37 

7-<H 

M-37 

10.93 

9 

8-45 

7-75 

7 -5  J 

7.91 

The  frequencies  of  all  the  numerals  are  given  in  Table  I. 
The  first  three  columns  under  the  headings  W,  K  and  X, 
give  the  individual  results  of  ihcsc  observers  and  in  the  last 
column  these  results  are  combined  into  an  arithmetical  mean. 
In  the  indivldtial  results  the  great  personal  differences  are  ob- 
vious at  once;  the  frequency  of  3,  for  instance,  varies  from 
2.49%  to  12.32%.  The  general  trend  of  these  results  becomes 
clearer  by  an  examination  of  their  average.  They  show  ( t ), 
that  the  small  numbers  (o  to  4}  occur  more  frequently  than  the 
high  numbers,  the  sum  of  the  percentages  being  for  the  low 
numbers  56.33,  and  for  the  high  numbers  43.70.  The  sum  of 
[bese  percentagen  is  not  exactly  100  owing  to  an  error  of  com- 
putation, (a).  Thcnuml>crsdonotoccurwilhcqual  frequency, 
zero  having  the  highest  frequency,  3  aud  8  occurring  next  with 
a  small  difference  which  might  be  accounted  for  by  an  inaccu- 
racy of  the  numerical  determination.  The  smallest  frequcaci«8 
are  those  of  1,  6  and  9  in  the  order  given. 


'SeeHeissner:  I.e.  Tables  I,  Hand  lit. 
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For  a  comparison  of  Mr.  Meissner's  results  witb  ours  Tsble 
III  (Males)  of  the  nrticle  quoted  above  comes  into  coDsidera- 
lioQ.  These  numbers  arc  not  directly  comparable  with  Mr, 
Meittner's  results  because  ihe  estimation  of  long  time  intervals 
ia  not  only  under  the  influence  of  the  preference  for  oertain 
numerals  but  also  under  the  influence  of  the  conventionnl  min- 
ute .ttundBrd.  The  numbers  fitvored  by  the  latter  inSueticc  are 
the  simple  fractions  of  a  minute  (15".  jo",  45"  and  60"^  and 
their  multiples.  The  final  digit  of  .tuch  numbm  U  o  or  5,  the 
frequency  of  which  is  increased  by  this  inSncncc.  which  mu»t 
be  eliminated  for  the  comparison  because  the  rcsullit  of  the 
estimation  of  »bort  lime  intervals  arc  free  from  it.  This  can 
be  done  in  this  way.  Among  all  the  judgments  given  tliere 
are  i,6f)6,  the  final  digit  of  which  is  xero.  According  to  chance 
one-third  of  these  (555)  should  be  multiples  of  30,  because 
amoug  three  con»cutive  multiples  of  10  there  i.s  one  multiple 
of  30.  As  a  matter  of  fact  there  are  733  and  by  subtracting 
this  surplus  of  307  the  influence  of  the  minute  standard  may 
be  eliminated.  A  nimilar  computation  may  be  made  fur  the 
numeral  5.  On  the  basis  of  this  computation  one  may  correct 
the  relative  frequencies  of  the  other  numerals;  the  re^ultg  are 
given  in  Table  II. 

Tasls  II. 
Corrttled  Frtquenry  of  ihe  Nmmfrvls  o  to  9. 


Frcqaancy. 

FeTCeiitkKe, 

True  Value. 

0 

"177 

36-714 

I 

111 

3?75 

0.903 

3 

ai7 

6,771 

o.ijs 

y 

155 

4  836 

0  313 

4 

144 

4-493 

0.360 

I 

660 

»-SM 

o.dSs 

>53 

4-774 

0.611 

I 

10 

nil 

S-3W 
8.767 

0.663 

0-733 
0.796 

9 

117 

3-963 

3»5 


A  comparison  of  these  results  with  tbe  numbers  of  Table 
III  of  tbe  previotut  article  will  »bow  that  this  change  does  not 
affect  tbe  relative  frequencies  in  a  material  way.  The  most 
favored  numeral  in  this  case,  too,  is  zero,  the  next  is  5  and  then 
comes  8.  The  numerals  i,  9,  4  and  6  have  the  smallest  fre- 
quency in  the  order  given.  These  results  agree  with  Mr. 
Mcissncr's  observations  by  giving  the  greatest  frequenc>-  to  o 
aud  by  showing  that  3  is  favored  and  that  i,  9  and  6  arc  at  a 
disadvantage.  They  do  not  agree  in  regard  to  tbe  frequency  of 
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5  tod  4.  The  most  striking  difference  is  tbat  of  the  numerical 
valuesof  these  relative  frequencies.  This  difference  is  due  to  the 
overwhelming  frcqaency  of  o  and  5  which  affects  the  frcqucncj" 
of  the  other  nitmerals  in  such  a  way  that  they  are  throughout 
smaller  than  those  of  the  ohservatious  of  Mr.  Ueissner.  The 
infltieace  in  favor  of  o  and  5  ix  much  stronger  in  our  experi- 
menta. 

Tbi.t  partial  verification  of  these  two  series  of  experiments 
might  be  interpreted  as  indicating  a  common  factor  in  both 
series  of  obitervationa.  the  influence  of  which  was  partialljr 
conntcrbalanced  by  some  other  circumstances.  The  common 
fiictor  may  be  called  the  preference  for  certain  ntinierab  and  the 
nature  of  the  other  influence  can  be  studied  by  means  of  the 
following  considerations. 

Among  the  results  of  W,  there  arc  9.04%  cases  in  which  he 
ohscr\'cd  the  ittter\'al  o  and  9.45%  cases  in  which  he  observed 
the  iuter\^al  o  t."  This  means  that  all  these  intervahi  which 
differ  by  not  more  than  0.0452"  from  itero— »'.  i*.,  the  intcrvai 
from— 0,9548"  104-00453" — arc  judged  lo  be  zero.  Corres- 
ptjiiilingly  the  end  of  the  interval  which  he  con.iiders  to  beo.  i** 
has  the  distance  from  zero  0.045+  Ji .0.94  =  0.045  +  0.047^ 
0.092*.  This  means  that  all  the  intervals  from  0.046  too.  137' 
are  judged  to  be  0.1",  and  0.09a',  the  average  may  be  re- 
garded as  the  interval  corresponding  to  W*s  estimation  of  o.  t". 
By  continuing  this  ojKration  one  may  find  for  all  the  other 
numerals  the  corresponding  intervals  which  ate  called  the  true 
values  of  the  estimation.  They  are  given  in  Table  III  for  Mr. 
Meis-sner's  observations '  and  in  Table  II  under  the  heading 

Tablk  UI. 


w 

K 

N 

o-o 

o.cioo 

o.ooo 

0000 

o.t 

0.091 

0.1 17 

O.IM 

0.9 

o-Kri 

0.171 

O.SII 

O.J 

0.319 

o.a4i 

o-WT 

0-4 

0.4H 

0.364 

0.404 

u 

0.537 
0.699 

0*99 
0.6^ 

o-MS 
0.611 

1:1 

0.700 

o.«59 

0.814 

0.780 

0.849 

VMl 

0.9 

0.913 

"True  Value"  for  our  experiments.  Table  III  shows  tbat  the 
estimated  intervals  coincide  most  closely  with  the  actual  inter- 
vals  for  06"  and  0.7",  and  that  W  has  the  tendency  to  over- 
estimate and  K  to  underestimate.      The  judgments  of  N  show 

*See  HeuMcr's  I.  c.  p.  141,  143. 
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a  constant  ovcrcstimatioa  for  the  intcrvah  from  o.i"too.6" 
and  from  thb  point  the  over  estimation  turns  into  an  underefiti- 
tnalion,  iht  amount  of  error  being  smallest  and  tbe  accuracy 
being  greatest  for  0.6."  The  judgments  of  W  and  K  bear  out 
the  same  reliition :  tlte  exactitude  is  greatest  for  0.6"  and  0.7." 

These  figures  agree  vcrj'  well  with  the  results  of  previous 
psychological  invcstigatioiu  Small  time  intervals  are,  as  a 
rule,  ovcrcslimaled  and  larger  liroc  inlcr\'a1«  are  underesti- 
mated. There  lies  between  the  large  and  the  small  inter^-ala 
a  point  of  indiflerence  at  which  the  estimated  length  of  Ihe  in> 
tcrrals  correspond  most  accurately  to  the  real  length.  This 
point  lies,  according  to  different  obscr\'ers.  between  o.s''  and 
0.7"  and  uniting  these  reiults  into  a  menu  one  may  talce  0.6" 
Tor  this  point.'  These  conditions  arc  exactly  verified  in  the 
observer  N  who  had  many  years  practice  in  these  observations. 
The  two  other  observers  show  slight  differences.  W  overesti- 
mates small  intervals  and  is  most  exact  in  his  estimations  of 
intervalsof  0.6"  and  0,7"  but  he  overestimates  ntso  the  inter- 
vals of  0,8"  and  0,9".  K  underestimates  long  and  short  inter- 
vala  but  also  bis  estimatiou  is  most  correct  for  0,6"  and  0.7". 
These  facts  account  for  the  great  frequency  of  the  small 
numerals. 

The  great  frequency  of  /.ero,  too,  can  be  explained  from  the 
couditiuns  of  the  experiments.  The  judgment  zero  will  be 
given  if  the  ^tar  crosses  the  line  in  the  moment  of  a  beat  of 
the  clock.  From  the  experiments  with  the  "Complicatioos- 
abr"  we  know  that  for  tbe  most  part  the  sound  is  located  at 
a  point  which  is  distingntKhed  from  the  olhcr  points  by  some 
marks.  Thus  it  occurs  but  seldom  that  the  sound  is  hxraled 
between  the  dasliea  of  the  clock.*  The  lines  in  the  telescope 
play  the  same  r6lc  as  the  marks  on  the  dial  of  the  clock  and. 
Ihereforr,  the  beat  of  the  clock  is  heard  more  frequently  at  the 
moment  of  the  star  cros.-(ing  the  line.  This  accounts  not  only 
for  the  excessive  frequency  of  zero  but  also  for  the  low  frequency 
oft  and  9,  because  if  in  a.serie:tof  equal  small  time  intcr\-a1s  one 
interval  is  marked  in  such  a  way  as  to  induce  an  overestima- 
tion  of  it,  then  the  overestimation  is  made  at  Ihe  expense  of 
the  adjoining  inteni'als  which  are  underestimated. 

It  ia  ob\'ious  that  a  similar  computation  of  the  "true^'alues" 
for  our  resnltt  cannot  have  the  same  siguiiication.  The  re- 
sults, indeed,  show  that  the  estimation  comes  nearest  to  the 


*Wundt,  PbyiioIOBlKtae  ps^-cliologic.  j.  ed.  Vol.  III.  p.47.  Wandl 
k1«»  to  the  iaTestJKation*  of  Kollen.  K«tcl  and  Meuniaiiii;  •  Ihor- 
OUKta  dlJcuMloa  of  their  tcsultR  ii>  to  be  (onnd  in  I.  Quandi,  Djis  Prob- 
lem del  SSeitb«wiiMUeini,  Littcratuibeilclit,  Arch.?.  (1.  nva.  PtyctioU 
<wie,  1906.  Vol.  VI[[.  pp.  [43-180. 

■Conipara  Wunilt :  PuyBlologic  Paj-cbolosic,  s  ad.  Vol.  HI,  p.  69, 
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true  value  for  0.6".  hnt  the  cliange  from  overestimatlon  to  nn- 
deFeslimation  is  quite  irregular.  Tbe  intervals  from  o.  i"  to 
0.3"  are  overestimated,  tbeu  tbis  overestimation  chan]);eH  into 
underc»tiniation  for  0,4"  and  0.5".  The  interval  of  0.6"  is 
overestimated  again  but  the  other  intervals  from  0.7"  to  0.9" 
are  umleresti  mated.  This  warrants  our  statement  that  the 
&ctor,  the  inSuence  of  which  on  the  judgment  of  short  inter- 
vabi  was  just  proved,  is  uot  at  work  in  the  estimation  of  large 
intervals.  The  explanation  of  the  vcrj-  high  frequency  of  zero 
and  6vc  in  the  estimation  of  long  internals i.";  to  be  found  merely 
in  Ibc  general  inaccuracy  of  the  estimation  which  is  ex^nessed 
by  the  preference  for  round  numbers.'  The  low  frequency  of 
the  numbers  which  are  next  to  the  round  nnmbers  may  be  ex* 
plained  by  tbe  subject  feeling  the  inaccuracy  of  the  judgment 
which  does  not  warrant  a  deviation  from  a  round  number  by 
«i  Mnall  a  margin.  The  view  that  the  low  frequency  of  tltese 
numerals  is  citie  to  underestimation  of  the  seconds  jnsi  pre- 
ceding or  following  every  fifth  and  tenth  second  has  but  little 
psychological  pro1)iabi1ity.  It  is  contrudicled  also  by  tutrospec- 
tioD  which  shows  that  the  judgment  in  this  case  is  not  based 
on  the  perception  of  a  succession  of  .^niall  intcr\-als  among 
which,  perhaps,  every  fifth  or  tenth  is  accentuated,  but  the 
eiitimation  refers  to  the  vsgue  notion  of  inter\*als  of  approxi- 
mately the  same  duration.  It  docs  not  seem  possible  to  give 
at  present  a  reason  for  the  differences  in  the  frequencies  of  the 
other  number  (3,  3,  8  and  9).  among  which  the  even  uumben 
occur  with  a  higher  freqticncy  than  ihe  uneven.  An  explana- 
tion is  not  offcied  by  stying  that  the  different  frequencies  of 
the  numerals  arc  due  to  a  preference  for  certain  numerals,  be- 
cause, without  iiitro.spectivc  or  objective  evidence  for  snch  a 
predilection,  the  only  possibility  of  giving  an  account  for  this 
preterence  is  to  refer  to  the  different  frequencies.  '  'Preference 
for  certain  numerals"  and  "different  frwiuencies  of  certain 
numerals"  are  only  different  names  for  tbe  same  thing  and  tbe 
first  term  is  misleading  in  so  far  as  it  might  lead  one  to  sup- 
pose that  there  exists  a  certain  mental  process  which  in  every 
case  is  the  cause  of  tbe  differences  in  the  frequencies  of  the 
numerals.  There  is  positive  evidence  that  such  a  process  does 
not  exist.  If  there  existed  such  a  mysterious  process  then  it 
could  not  hapjKU  that  the  same  numeral  occurs  with  a  fre- 
quency which  is  subjected  to  variations  which  are  so  large  as 
those  of  the  frequency  of  4  and  5  in  our  experiments  and  in 
those  of  Mr.  Meissner's  serie-t.  It  seems  reasonable  to  take  the 
view  that  the  terms  "prefciencc  for  certain  numerals"  is  a 


■Otb«r  T«s»oi»  for  this  matctnctit  tnay  be  fonnd  in  tbeaTtkleon 
timcctttDiBlioii,  pp.  411-418. 
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short  desigDatioD  for  an  naanalyzed  groap  of  conditioiia  which 
is  the  caose  of  the  differences  in  the  frequencies  of  the  nume- 
rals; these  groups  of  conditions  may  be  widely,  or  perhaps  even 
absolutely,  different  in  two  series  of  experiments. 

The  comparison  of  these  two  series  of  observations  shows 
that  there  are  certain  common  results  (high  frequency  of  cer- 
tain numerals,  low  frequency  of  the  numerals  adjoining  to 
them).  The  high  frequencies  ate  apparently  due  to  different 
mental  conditions,  but  the  low  freqtiendes  of  the  adjoining 
namerals  may  be  brought  under  the  general  rule  that  the  ele- 
ments of  a  complex  which  are  next  to  a  favored  complex  with 
which  they  are  not  associated  are  at  a  disadvantage.  The 
chief  result  is  that  the  so-called  preference  for  certain  nume- 
rals is  a  complicated  mental  process  which  admits  of  a  farther 
psychological  analysis.  The  analysis  of  these  two  series  of  ob* 
servations  shows  that  this  preference  for  certain  numerals 
may  be  very  similar  in  its  numerical  expression  and  yet  it  may 
be  due  to  entirety  different  conditions. 
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STUDIES  IN  ABSOLUTE  PITCH. 


By  LcctXDA  Pbaki,  Boogs,  Pb.  D. 


Absolute  pitch  is  one  of  those  curious  psychological  phe- 
uomt^iia  which  is  at  present  rather  a  pazxle.  Its  rarity  ttwkes 
it  difficult  of  investigation  and  usually  the  people  who  possess 
it  are  not  trained  in  psychological  introspection.  However,  it 
h»s  IxTcn  my  good  fortune  to  know  a  number  of  people  who 
possessed  this  remailcable  gift  and  to  have  been  able  in  some 
OKS  to  carry  out  a  few  tests  which  seem  to  me  worth  record* 
ing.  The  fact  that  they  were  only  casual  acquaintances  and 
not  students  of  psychology,  and  that  they  were  far  away  from 
a  pro)>erly  equipped  laboratory,  precluded  the  elaborate  and 
extensive  tests  which  it  might  be  desirable  to  make. 

By  absolute  pitch  we  mean  the  power  to  recognf/e  a  single 
musical  note  when  heard,  without  comparison  with  any  other 
tone,  either  objective  or  subjective.  Von  Kries'  and  Stumpf 
both  say  that  this  independence  of  other  tones  is  the  esscuttal 
characteristic  of  absolute  memory  for  tones,  as  they  have  found 
in  the  process  of  their  experimentation.  The  latter  admits 
that  at  one  time  he  believed  the  recognitiou  of  tones  was  de- 
pendent on  the  judgment  of  inter^-als,  since  the  observer  could 
not  forget  the  previous  tone  or  the  indispeusabic  a  of  the  mntd- 
ciau,  but  found  by  a  .series  of  tests  that  only  exceptionally  did 
the  recognition  of  the  interval  affect  the  judgment.  Whipple ' 
also  finds  that  the  interval  sense  is  not  used  at  all  aud  that  his 
subject  is  very  hazy  in  her  designation  of  inter\'al3.  The  fact 
upon  which  all  psychologists  are  agreed,  that  the  more  quickly 
the  judgment  of  the  tone  is  made,  the  more  accurate  it  is,  also 
goes  to  show  that  intervals  are  not  taken  into  consideration. 

As  to  the  (actors  which  contribute  toward  the  accuracy  of 
absolute  memory  for  tones,  the  timbre  of  the  instrument  and 
concentration  of  attention  have  been  shown  to  be  the  most  no- 
portaut.  Von  Kries '  even  considers  that  the  slight  not  imme- 
diately discernible  differences  in  the  timbre  of  tones  differently 

■  Von  Kries :  Vher  das  Abaolute  GehKr,  Zeltichiift  file  d.  Psycbol.  U. 
Physiol  d.  SJnucBOig.,  Vol.  III.  p.  165. 
*Sltimpt:  Tou psychologic.  Vol.  I,  p.  306S. 

*  Whipple:  Studi«iin  Pitch  Discrim  inn  lion,  Amtr.  f»ur.  of  Piydiot., 
Vol.  XIV,  p.  39*. 

•  Von  Kri«e:  op.  at.,  p.  371, 
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struck  on  tbc  same  instnimcnt  might  iofluence  the  judgment. 
The  tuning  of  the  ja&trument  is  also  Ukely  to  influence  the 
judgment  if  difference  in  the  tuning  is  very  great,  though  it  has 
not  t>een  found  that  people  with  absolute  memory  have  a  Stier 
pitch  discrimination  thnn  other  mnsical  people. 

The  question  whether  absolute  pilch  can  be  acquired  by 
practice  or  wlietlier  it  i.t  a  "'free  gift"  of  heredity  is  one  upon 
which  it  is  hoped  this  paper  may  throw  some  light.  Von 
Krics'  says  that  he  has  uever  found  any  one  who  had  genuine 
absolute  pitch  through  practice,  while  M,  Meyer* has  shown 
that  a  fair  degree  of  absolute  memory  may  be  acquired. 
Stnmpf*  attrilMite.t  at  least  something  to  practice,  as  he  has 
noticed  that  diSercnt  people  judge  correctly  oftenest  in  those 
tone  regions  with  which  they  are  mast  familiar.  Hence  be 
6nd.t  that  with  most  persons  judgments  arc  oftcoest  correct  in 
tbc  middle  region  of  tones,  which  are.  of  course,  the  ones 
oftenest  beard. 

As  to  the  nature  of  this  "gift"  of  absolute  tone  memory,  as 
Stumpf  *  says,  it  must  manifestly  be  placed  under  memory  lu 
general.  He  thinks  with  Bain  and  Kibot,  that  the  fineness  of 
the  seosations  may  have  something  to  do  with  the  richness  of 
the  memory.  "One  might  say:  when  a  senne  organ  presents 
finely  gradated  sensations,  each  one  has  then  more  help  tu  re- 
production. But  on  the  other  hand,  one  might  equally  as  well 
conclude  that  the  great  number  mutually  confuse  one  another 
aod  disturb  the  reproduction.  Better  say,  perhaps,  that  through 
the  richer  material  a  stronger  necessity,  and  through  the  &at- 
oess  of  the  possible  distinction,  a  greater  stimulus  arises  for 
employment  and  practice  with  this  .icnse.  Kctentiveness  itself 
is  not  greater,  but  the  number  of  cases  of  practice  increases 
through  the  variety  of  distinguishable  .tensattons. "  In  the 
oext  paragritph  he  .says  that  "the  completeness  of  the  memory 
is  more  closely  connected  with  the  liveliness  of  the  feelings 
than  the  finene.ss  of  the  senses,  in  so  far  as  the  feelings  give 
rise  to  a  constant  direction  of  the  attention  to  a  certain  field  of 
perceptions. "  The  conclusion  drawn  from  my  own  experi- 
ments agree  as  to  the  effect  of  a  very  sensitive  musical  hearing 
and  the  liveliness  of  the  feelings  connected  with  tones,  as  I 
shall  show  later. 

The  first  subject  in  the  following  experiments  was  Miss  G. 
G.  Gulick  who  is  extremely  musical  and  comes  of  a  very 
mnsical  liimily  on  her  mother's  side.  Her  mother  was  a  pianist 
with  considerable  power  of  im[»ovisatioa  and  possessed  a  re- 

'  Vou  Krl«»;  of.  eii..  p.  j63. 

*  Meyer :  Psycbot.  Kev.,  VI,  p,  514. 

*  Stumpf:  op.cU.,  p.  311  S. 

*  Slniupf -.  Qp.  tit.,  p.  187  fl. 
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markabty  snvet  coatralto  voice.  Her  maternal  grandmother 
and  great  sunt  were  extremely  musical.  Her  older  brother 
was  a  piano  viituo)K>  and  a  composer,  and  her  sister,  though 
not  a  muMciaii,  was  fond  or  mu^c  for  "the  thrill  it  ft^ve  her." 
She  thought  her  mother  had  nbsolute  pitch,  and  was  quite 
confident  that  her  brother  must  have  po^esMd  it,  bnt  as  both 
of  them  had  recently  died,  there  was  no  po9.<iibi!ily  of  %*erifying 
the  supposition.  Her  musical  c<luciitinn  began  at  about  the 
age  of  four  with  her  mother  and  was  continued  under  gov- 
emesHcs  until  she  was  thirteen.  From  that  time  on,  she  had 
lessons  from  professors  of  music  good,  bad,  and  indifferent. 
Tliree  months  comprised  her  work  in  the  theory  of  music,  and 
a  four  years  course  in  solfeggio  covered  in  a  few  months,  her 
vocal  training.  She  composed  little  songs  for  children  and 
sometimes  Improvised.  She  had  had  no  training  in  memorizing 
tones,  bnt  always,  even  as  a  child,  had  been  able  lo  recognize 
the  notes  of  any  instrument  .such  its  a  bugle,  saying  that  it 
played  tni  or  /a.  To  test  this.  I  once  asked  her  the  note  of  the 
dinner  gong.  She  instantly  pitched  the  tone  with  her  voice, 
saying,  "it  is  sol."  Tunes  heard  on  the  street  were  eaxlly 
memorized  by  her  as  a  child,  and  reproduced  on  the  piano. 
Though  verj-  faulty  in  technique,  the  result  of  her  unsystematic 
training,  she  had  the  power  of  interpretation  of  mastc,  atui 
could  give  each  tone  a  certain  value  in  itself. 

She  had  never  heard  of  absolute  tone  mcmor>',  and  when 
questioned  as  to  whether  she  could  name  any  note  heard  on  the 
piano,  was  very  uncertain  and  later  w;is  quite  astonUbed  to 
find  that  she  could  do  it,  almost  without  error.  She  had  no 
mu.scular  or  visual  seusatious  in  judging  the  tone,  it  seemed 
entirely  due  to  the  sound  itself  With  the  single  tones  she  had 
no  musical  imagery  as  she  had  with  phrases  and  strains. 
High,  lively  notes  were  bright  yellow;  low  tones  were  pun>lc 
or  dark  red  ;  middle  tones  were  green  ;  when  low  tones  were 
pnrple  and  high  notes  were  added,  they  merged  into  light  red 
and  yellow.  Some  music  seemed  to  her  opaque,  other  music 
was  like  the  rainbow.  Likewise  she  professed  that  single  notes 
bad  no  emotional  tone  or  feeling,  though  music  often  made  her 
cry.  even  the  gay  sort.  She  could  hear  overtones  so  plainly. 
she  said,  that  she  had  difficulty  in  picking  out  the  fundamental 
tone. 

This  observer  was  entirety  without  practice  in  introspection. 
At  first  she  said  she  calculated  each  tone  from  the  preceding 
one,  though  she  "pitched  in  on  the  first,  right  or  wrong."  A 
little  later  during  the  same  test  she  said  that  her  judgment  was 
"instinctive,"  without  any  idea  of  the  relations  of  the  tones, 
and  that  all  was  due  to  the  sound  itatlt  Several  times  she 
asked  for  a  note  to  be  tepeated  ia  order  to  fix  It  firmly  is  her 
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mind  and  iroutd  sometimes  name  the  note  correctl/  oa  the 
Kcond  or  eveu  third  trial.  Her  replies  were  ii5uaU)r  giveo 
very  quicl:ly  and  with  confidence.  She  was  of  n  very  decidedly 
objective  type  of  observer,  conccatrated  her  mind  well  bat  wfts 
easily  thrown  out  by  any  noiK  or  confusion. 

The  tabic  is  easily  understood,  the  numbcm  under  S  giving 
the  series  of  tests  ;  those  under  O  giving  the  number  of  octaves 
from  which  the  notes  were  selected  ;  tho»c  under  7  the  num- 
ber of  tones  used  in  each  series ;  under  /i  is  given  the  number 
of  tones  recogni^ted  correctly;  under  Wlhe  number  of  error* 
and  under  /'  the  per  cent,  of  right  cases.  Tlic  letters  O,  C, 
D,  and  E  refer  to  the  observers.  The  tones  were  selected  at 
random  within  a  given  number  of  octaves,  nnd  there  seemed  to 
be  little  or  no  diSereuce  iu  the  tone  region,  so  that  I  have  not 
made  a  particular  rubric  for  that.  The  piano  generally  used 
was  not  especially  good,  though  the  best  available  at  the  time. 
The  experiments  were  carried  on  iu  a  quiet  room  withoQt 
inlerTtiptioas. 
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Series  I.  Four  errors,  all  minor  seconds,  were  made,  each 
one  being  a  sharp,  or  black  Itey.  This  peculiarity  was  mo«t 
striking  and  in  her  subsequent  tests  it  was  also  found  that 
nearly  all  her  errors  were  on  black  keys.  When  told  of  this 
she  was  much  surprised  and  was  at  a  loss  to  account  for  it. 
Finally  she  explained  it  as  a  result  of  her  having  always,  until 
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recently,  called  uotes  by  syllables  of  tlte  tonic  Sol-fa  system 
and  bad  not  called  the  bitck  keys  by  any  name  iliSerent  from 
the  wbite  keys,  as  A  sbarp,  E  flat,  etc.  Twice  she  was  dissat- 
isfied with  her  judgment,  and  on  havioK  tbe  tone  again  given 
made  a  correct  judgment.  In  tbcsc  cases  tbc  error  amounted 
to  a  major  third  and  a  minor  fifth.  Two  chords  given  were 
also  judged  incorrectly  tbe  first  time,  but  repeated  at  her  re- 
quest were  judged  correctly. 

Series  II.  Only  N«ven  black  keys  were  given  and  five  of 
the  seven  errors  were  made  on  those  tones,  while  tbe  other  two 
errors  followed  these  and  were  perhaps  inQucnced  by  tbe  pre- 
ceding errors  as  a  suspicion  of  a  mistake  was  likely  to  disturb 
tbe  oteerver. 

Series  III.  No  black  keys  were  given  in  these  tests  wbicb 
were  made  on  a  strange,  but  very  good  new  piano.  This  series 
brings  out  clearly  tbe  fact  wbicb  tbe  other  series  indicated, 
namely,  that  the  tonal  region  made  no  dlRerence  with  this 
obscr\*er.  Where  block  keys  were  unevenly  distributed  in 
octaveit,  it  was  not  possible  to  reach  tbi»  conclusion  satisfac- 
torily. 

Series  IV.  All  but  three  errorsare  halftone  errors  on  black 
key*.  There  were  sixteen  black  keys  struck  and  only  five  are 
judged  incorrectly,  which  is  a  considerable  improvement  over 
Series  II.  where  five  out  of  seven  arc  incorrectly  judged.  That 
this  is  due  more  to  carefulness  in  naming  tones  than  to  practice 
in  di-tcriminalion,  is  myopinion.  The  other  errors  are  a  major 
second,  a  minor  second,  and  a  major  fonrth.  Tbc  last  error 
was  due  to  distraction,  the  subject  reported. 

Series  V,  without  any  black  keys  on  tbe  piano  generally 
used.  The  errors  were  both  half  tones  and  both  cases  she  re- 
ported a  wandering  of  attention. 

Scries  VI  was  a  test  on  a  clarionet.  In  reality  twenty-five 
tests  were  undertaken,  but  at  tbe  close  of  the  first  ten.  there 
was  such  a  disturbance  in  the  next  room  that  only  fourteen  of 
the  remaining  fi^een  were  correctly  judged,  although  in  no 
case  was  the  error  more  than  a  whole  tone. 

Series  VII  was  a  test  on  a  violin.  Both  errors  consisted  in 
calling/.  ^.  No  sharps  were  introduced.  The  violin  was  a 
strange  one,  but  the  observer  was  familiar  with  violin  muMC. 

Series  VIII  was  a  test  with  the  voice.  The  three  errors 
were  made  on  sharps,  two  being  minor  seconds  aud  onea  major 
secoui). 

Series  IX  is  a  test  wbicb  can  hardly  be  tabulated  with  tbe 
others.  Instead  of  single  tones,  chords  of  from  two  to  fonr 
notes  were  given.  All  of  tbe  two  tone  chords  were  correctly 
recognized,  but  only  one  three  note  chord.  The  upper  note  of 
each  chord  was  recognized  twenty  times  out  of  twenty-five,  but 
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wfts  omitted  in  four  tone  chortU.  The  lower  tone  was  right 
fourteen  times  in  three  tone  chords  and  omitted  twice  in  chords 
of  four  tone-i.  The  middle  notes  were  recognized  only  seven 
timi's  and  were  omitted  three  times.  Estimating  the  upper 
notes,  her  per  cent,  of  erior  was  3o%,  larger  than  in  any  other 
piano  lest,  while  the  per  cent,  for  uU  notes  in  the  chord  is  55%. 
Here,  as  ct&cwherc,  the  black  notes  were  the  ones  most  often 
miscalled.  I  was  not  able  to  make  all  the  notes  stand  out  dis- 
tinctly in  the  chords  as  in  single  tones,  which  may  have  influ- 
enoed  the  results. 

Considering  HUs  G.'s  number  of  errors  on  the  half  tones,  it 
would  have  bc«D  very  intcicsting  to  test  her  ability  to  detect 
fine  tonal  differences.  Unfortunately  the  time  of  her  experi- 
iDCiitation  was  cut  short  by  her  departure,  but  the  following 
crude  tests  were  made.  The  gamut  was  played  chromatically 
on  the  violin  with  quarter  inMead  of  half  tone.s.  She  thought 
it  was  the  regular  chromatic  scale.  Again  approximately  une- 
elghth  tonal  differences  were  given  on  an  j£' violin  string,  the 
observer  being  informed  of  the  object  of  the  test,  and  she  was 
required  to  judge  which  was  the  higher  of  two  tones.  Her 
judgment  was  correct  in  about  half  the  trials.  This  shows 
that  her  pitch  discrimination  was  not  &ne, 

The  second  subject  was  a  young  woman.  Miss  C.  Dismukcs. 
At  the  time  1  met  bcr  she  was  recovering  from  a  long  nervous 
illness,  90  that  extended  tests  were  impracticable.  Her  musical 
education  began  so  early  that  she  could  not  remember  when  or 
bow  she  learned  to  read  notes,  but  at  six  she  was  playing  in 
concerts  a  little.  None  of  her  immediate  family  are  musicians, 
but  her  maternal  grandparents  were  vcr>'  musical  aitd  of  an 
artistic  temperament.  At  ten  years  of  age  she  began  the  serious 
study  of  music,  and  studied  one  year  in  Chicago  at  the  age  of 
nineteen,  whete  she  had  a  little  harmony;  she  discovered  in 
that  work  that  she  could  write  down  simple  melodies,  tone  for 
tone,  as  she  heard  them.  This  was  followed  by  three  years  in 
Vienna  with  Leschetiiky,  who  tested  her  very  superficially  as 
to  her  memory  for  tones,  but  she  had  never  practiced  mentoriz- 
ing  tones  at  sU. 

She  thought  this  tone  memory  was  a  help  to  her  in  memor- 
izing music  so  readily,  and  she  always  played  in  concerts 
without  notes.  She  improvised  and  composed  simple  melodies 
to  words.  Besides  concert  playing  she  gaw  le.^.sons  in  music. 
She  sang  a  great  deal  for  her  own  amusement,  and  found  that 
she  could  recognize  tones  from  the  human  voice  more  easily 
than  from  any  instrument.  Of  the  tones  of  imttruments,  the 
piano,  her  instrument,  were  the  most  readily  recognized.  She 
also  reported  that  she  could  hear  overtoues  ver^-  plainly. 
Series  X  was  made  on  a  fairly  good  piano,  oAen  used  by  the 
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obaerver.  Nearly  half  her  errors  was  In  the  lower  tones,  ind 
a  larger  proportion  of  tbe  remaiaiog  was  in  tlic  upper  tones. 
Black  keys  were  recognized  as  easily  as  the  while  keys.  Al- 
ttaongh  she  gave  all  of  her  answers  rather  slowly,  often  hum- 
ming ibe  tone,  to  fix  it  in  her  mind,  she  said,  she  believed  that 
her  recognition  of  the  tone:<wA.s  immediate,  i.  4r.,iioi  calculated 
from  any  other  tone.  A  correct  judgment  came  more  quickly 
than  a  doubtful  one.  An  octave  and  a  major  chord  were  easily 
recognized.  This  observer  found  it  difficult  to  concentrate  her 
attention,  and  if  she  suspicioned  that  she  bad  made  an  error, 
she  was  disturbed  and  was  likely  to  mnke  other  errors.  Half 
the  errors  were  minor  seconds  and  two  minor  fourths  were  the 
largest  errors. 

The  third  snbject,  Solomon  Cohen,  was  a  boy  of  fourteen 
who  had  absolute  pitch.  He  was  a  student  of  the  violin  and 
had  studied  since  he  was  eight  years  old.  He  sang  a  great 
deal  even  at  four.  The  whole  family  was  musical,  and  he  had 
heard  music  of  every  sort  ever  since  be  was  bom.  He  thought 
that  /was  the  easiest  note  to  recognize  and  the  scale  of /was 
the  one  which  he  liked  best  and  in  which  be  played  the  most. 
His  musical  brother's  favorite  scale  was  C.  They  had  never 
had  any  training  along  the  line  of  memorizing  tones,  but  bad 
been  taught  to  detect  inaccuracies  in  the  pitch  of  any  instru- 
ment, which  they  did  easily.  5  bad  a  very  keen  car  for  over- 
tones, I  discoveied  in  testing  him,  and  he  could  name  those  he 
heard  most  readily.  His  introspection  in  regard  to  naming 
tones  was  that  he  "just  knew  them  and  had  no  other  note  in 
mind." 

Scries  XI.  In  the  short  series  on  his  own  piano.  S.  made  no 
errors,  although  black  keys  and  one  chord  were  introduced. 
The  octaves  were  the  targe  and  small  octaves.  His  judgments, 
although  given  rather  slowly,  were  not  marked  by  hesitation. 

Series  XII.  This  series  was  given  on  a  piano  strange  to  S 
and  rather  out  of  tune.  He  remarked  that  the  tones  did  n't 
sound  aatura!.  This  experiment  has  value  chiefly  as  showing 
the  extreme  efFect  of  distraction.  Another  verj'  musical  boy 
of  the  same  age  was  trying  to  name  the  tones.  If  S  named  the 
tone  first  he  wns  almost  sure  to  be  right,  while  if  the  other  gave 
his  judgment  first.  S  either  agreed  with  him  or  was  likely  to 
make  an  error.  The  other  boy  did  not  make  half  a  doun  in- 
dependent jndgmcnts  which  were  right.  S  said  that  black 
keys  bad  a  different  sonnd  from  white  keys,  and  though  he 
made  some  errors  on  the  black  keys,  he  never  Imisjudged  a 
black  key  for  a  while  key  or  tite  versa.  He  could  not  explain 
thediffereiKe;  he  said,  "You  just  know  it." 

The  fourth  snbject  was  David  Elliot,  aged  eight  years,  and 
was  reported  by  his  instructor  in  music  who  thoroughly  under- 
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stands  the  stibject  of  absolute  pitcb  from  the  mnsician's  stand- 
point. The  boy  begrati  to  study  music  at  the  uf(e  of  six,  aud 
while  ht5  family  are  not  musical,  there  is  a  strong  artiMic 
strain  tti  his  mother's  family.  He  memorizes  music  readily, 
and  is  very  clever  at  writing  music.  The  piano  is  hi.*  instru- 
meni,  but  he  recogniics  tones  of  other  iustrumenla  and  the 
human  voice,  and  he  can  tell  readily  when  a  tone  is  not  true. 
So  far  as  the  teacher  can  ascertain,  he  has  no  iHsual  or  motor 
imager)-  when  listening  to  tones,  nor  does  he  judge  from  th« 
preceding  note.  When  a«kcd  how  he  knew  he  was  right,  be 
answered,  "I  don't  know  that  I'm  right — I  tAitti-  I'm  right." 
This  case  is  particularly  inslrwctive  because  of  the  early  age  of 
the  subject,  and  because  bis  first  teacher  discovered  this  ability 
and  can  say  that  be  has  had  no  special  training  along  that  line. 
In  the  lest  given,  scries  XIII.  two  errors  ore  major  seconds, 
one  a  miuor  third  and  one  a  minor  fourth. 

Some  two  or  three  years  prewu.*  to  my  work  with  these  ob- 
aervers,  I  made  some  tests  with  Mi*«  Meyer,  whom  I  by  chance 
di9co%-ered  had  absolute  pitcb,  but  owing  to  a  press  of  work 
and  an  abrupt  departure,  I  did  very  little  systematic  work  and 
kept  no  records,  therefore  I  beg  to  refer  any  interested  reader 
to  Whipple's'  article,  whose  attention  I  called  to  this  esse. 
Her  per  cent,  of  error,  according  to  Whipple,  varies  from  64% 
to  93%.  which  is  not  so  accurate  as  some  of  my  subjects,  and 
there  is  one  fact  which  I  do  not  6nd  mentione<),  namely,  her 
very  keen  hearing  for  overtones,  which  vraa  to  me  very  re- 
markable. 

In  marked  contrast  with  the  method  of  these  persons  ma 
that  of  a  Miss  J.,  who  tried  a  aeries  of  twenty  tests.  Only  one 
tone  was  judged  wrongly  and  that  the  first  one,  the  error  being 
a  minor  third;  nine  were  right  on  the  first  trial,  six  on  the 
second,  two  on  the  third  and  one  on  the  fourth  and  fifth  each. 
Before  making  her  judgment  she  would  hum  the  note  heard 
and  then  run  over  several  notes  with  her  voice  until  she  was 
reasoiubly  sure.  If  sbe  failed  to  get  it  satisfactorily,  she  would 
ask  for  the  note  to  be  repeated  and  would  then  go  through  the 
same  process  until  sntisBcd.  Her  introspection  was  that  her 
judgment  was  influenced  by  the  preceding  tones.  Though 
musical,  Miss  J.  did  not  call  herself  a  musician,  and  thought 
she  had  learned  this  way  of  recognizing  tones  from  her  class 
lessons  in  singing  at  school.  Another  observer  in  a  memory 
experiment  showed  a  particitlarly  good  memory  for  tones. 
Altbongb  a  violinist  of  coiaiderable  skill,  be  attributed  it 
largely  to  the  practice  in  hi.'«clas.«  singing  lessons  of  finding  one 
tone  from  another,  f.  g.,  taking  da  from  the  pitch  pipe,  finding 
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fa,  .so  that  oa  liennng  a  tone  he  tri«d  to  locate  and  name  it, 
and  in  this  way  it  became  &xed  in  his  memory.  Another  case 
of  good  relative  pitch  waii  that  of  a  musical  yonng  woman  who 
placed  the  first  note  a  major  second  too  high.  The  succeeding 
half-dozen  noies  were  located  correctly  relative  to  the  first. 
The  next  test,  »lic  placed  the  tone  one-half  note  too  high  and 
located  th«  other  according  to  that  ^uite  correctly.     She  "only 

Sesaed  at  them"  was  her  introspect iim,  which  la  never  the 
rospection  in  the  case  of  absolute  pitch. 

In  attempting  a  summary  of  the  difTeretit  cases  reported, 
there  are  found  to  be  some  characteristics  common  to  all.  and 
again,  certain  peculiarities  of  each.  Xatnrally  we  are  inclined 
to  consider  the  common  characteristics  as  having  the  greatest 
bearing  on  the  problem  of  the  nature  of  the  act  of  recognizing 
tones  fi^>m  memor>\     Onr  conclusions  are  as  follows : 

1 .  All  of  the  observers  have  bad  a  musical  inheritance  and 
an  early  musical  environment  and  training,  but  in  no  case  has 
there  heen  specific  training  in  memorizing  tones. 

a.  An  immcdiatcucss  of  recognition  and  a  sufcdcss  of  judg- 
ment is  to  be  ob^rved  in  all  when  the  judgment  i.s  correct. 

3.  All  observers  have  had  a  particularly  good  hearing  for 
overtones,  so  far  as  reported.  Their  pitch  di^rimination  has 
not  been  reported  to  b«  extraordinarily  fine. 

4.  Concentration  of  attention  was  necessary  to  all,  and 
utfises  or  interruptions  were  disconcerting  and  influenced  the 
accuracy  of  the  obser%-er.  Each  note  had  to  be  very  distinctly 
heard. 

The  first  two  characteristics  seem  to  indicate  some  special 
eudowment  of  the  individual  who  ha.s  absolute  tone  memory, 
and  the  last  two  point  to  its  Ijcing  some  special  fineness  in  the 
seusc  of  hearing,  probably  that  for  distinguishing  overtones  so 
distinctly. 

The  remaining  conclusions  apply  only  to  certain  observers, 
and  are  the  following : 

6.  The  region  of  tiie  tone  affects  the  accnracy  of  some  and 
not  of  others, 

7.  Although  there  was  a  rather  strong  emotional  accom- 
paniment lor  music,  there  was  not  for  single  notes  except  io 
one  case. 

8.  In  oue  case  only  did  the  Mmilones  or  black  keys  prove 
more  difficult  of  recognition.  Then  it  was  perhaps  to  be  at- 
tributed to  a  confusion  of  names  rather  than  confusion  of 
sound.  In  all  other  cases  the  semitones  seemed  to  be  as  dis- 
tinctly associated  with  a  name  as  the  whole  tones. 

9.  In  one  case  there  was  vtsnal-motor  imagery;  one  liked 
to  fix  a  tone  by  bumming  it :  the  others  did  not  report  any 
help  of  this  kind. 
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lo.  Uoder  the  most  favorable  condition  two  observers  made 
no  errors,  while  the  per  cent,  of  right  coses  with  the  others 
varied  from  tf2%  to  68%.  The  method  of  recognizing  was, 
however,  snb^antislly  the  same. 

These  last  pccultur  chitracteristics  ere  interesting  and  agree 
in  part  with  those  discovered  by  the  authors  already  quoted,  as 
do  at&o  the  first  four  reported  as  common  to  all.  Other  iuvesti- 
gators  might,  of  course,  find  other  than  these  (our  factors 
common  to  all  their  observers  and  lind  these  as  only  peculiar 
to  some. 

Oi  course,  aside  from  the  purely  scientific  aspect  of  the 
nutter,  there  is  also  a  pedneiogtcal  interest.  Even  though 
these  individuals  have  some  particular  ability,  contd  other  peo* 
pie  imitate  their  method^  For  example:  supposing  that  fine- 
ness of  hearing  for  overtones  is  the  stnt  ^ua  n&n  of  absolute 
pitch,  would  a  cultivation  of  the  hearing  of  overtones  aid  in 
acquiring  a  fair  degree  of  absolute  pilch  *  The  invariable 
associating  of  certain  tones  and  ccrtaiu  names  is  of  the  greatest 
importance,  as  atiylliiug  which  has  a  name  of  its  own  has  a 
more  certain  place  in  consciou'-ness. 

This  would  mean  that  iu  singing  lessons  tlie  tones  should 
always  be  oamc<l  and  should  always  l>e  accurately  pitched.  It 
Is  the  earnest  hope  of  the  writer  that  psychologists  or  other 
persons  interested  in  this  subject  will  investigate  and  report 
any  cases  of  absolute  memorj-  for  tottes.  as  it  is  throngh  study- 
ing mental  peculiarities  that  we  sometimes  arrive  at  valuable 
results  in  the  study  of  the  laws  of  conscioosness. 

Stodibs  in  Absolutr  PrrcB.     Part  II. 

Since  sending  in  the  MS.  of  the  above  it  has  been  my  gcod  for- 
tune to  interview  nine  persons  and  to  have  bad  letters  from 
four  people  who  seem  to  have  absolute  pitch  according  to  the 
definition  of  it  given  above.  Tbey  have  included  one  of  the 
greatest,  if  not  the  greatest,  violinist  of  to^ay,  aod  young 
students  of  music  who  are  very  deficient  in  their  musical  cdn- 
catioti.  The  degree  of  ability  to  recogni/c  tones  has  varied 
correspondingly  from  persons  who  never  make  a  mistake  to 
tboeewhocaunotrecogniite  black  keys  with  any  certainly  at  all. 

Tbeir  introspections  may  be  summarized  ss  ibllows,  and 
where  the  entire  thirteen  have  not  agreed  it  is  because  of  lack 
of  information  unless  otherwise  specified : 

I.  All  report  that  they  have  never  had  any  training  in 
recognizing  tones,  and  consider  It  a  natural  or  "inherited" 
ability. 

a,  All  report  a  musicsl  inheritance  and  a  more  or  less  musi- 
cal enviionmeut,  as  well  as  itn  early  musical  education. 

i.     Ulcvcn  report  hcariug  overtones  very  plainly,  and  I  have 
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personally  tested  the  less  experienced  musiciaas.  Two  have 
not  reported  on  this  by  letter. 

4.  An  im  Died  lateness  of  recognition  wilboat  comparison 
witli  other  tones  or  without  motor- visual  imagery  of  any  sort 
is  reported  by  eleven.  Each  note  has  a  sound  quite  distinctive 
and  irrespective  of  its  place  in  the  scale, 

$.  Seven  report  that  they  must  be  able  to  concentrate  their 
mind,  i.  «.,  mu.tt  not  be  over  fatigued  or  disiiirbed  to  attain  the 
best  results.  Tbis  I  have  found  to  be  true  in  all  whom  I  have 
tested. 

6.  Th«  two  most  tispracticed  observers  could  not  recognize 
ihe  black  keys,  and  were  quite  confused  when  they  were 
sounded.  However,  one  of  these  judged  very  accurately  on 
the  white  keys. 

7.  Seven  report  that  th«y  can  pitch  any  note  with  their 
voice.  One  lady  cannot  judge  the  notes  of  a  voice  unaccom- 
panied by  an  instrument. 

b.  I-ive  report  that  changing  from  a  piano  tuned  a  little 
lower  or  higher  makes  practically  no  difference  in  their  judg- 
ments. 

9.  Xinc  report  never  making  an  error  in  judging  a  tone. 
Tbe.se  are  all  teachers  and  concert  players.  The  others  have 
varj'ing  ability. 

The  clue  to  the  difference  in  the  method  of  those  having 
relative  pitch  and  those  absolute  pitch  seems  to  me  to  be  fotind 
In  the  two  facts  of  hearing  overtones  50  plainly  and  of  hearing 
each  note  qnitc  distinctly  from  its  relation  to  other  tones.  At 
first  1  was  incliued  to  attribute  the  difference  In  sound  to  the 
keen  hearing  of  overtones,  since  we  reco|{ni/e  different  iustrii- 
meots  from  the  variation  in  their  strong  partials,  and  ftom  the 
fact  that  a  chord  is  more  easily  recognised  than  a  single  tone. 
While  Ibis  may  be  a  valuable  aid,  further  study  inclines  me  to 
the  belief  that  there  may  be  a  tone  system  of  qualities  com- 
parable to  the  spectrum  in  vision,  and  is  probably  due  to  dif- 
ference in  vibration  rates.  The  scale  of  tones  would  coriet^nd 
to  variation  in  brightness,  which  is,  of  course,  to  be  observed 
in  the  spectrum  as  well  as  the  colors,  and  probably  the  average 
person  hears  the  tone  system  as  a  tone  scale  in  much  the  same 
way  thnt  a  color  blind  person  sees  the  spectrum  as  a  graduated 
succession  of  brightnesses.  I  asked  a  New  Eugland  Conserva- 
tory graduate  who  has  absolute  pitch  whether  she  had  the 
tones  in  her  mind  as  she  did  colors.  Her  answer  was  that  she 
had  a  tone  system  as  she  did  a  color  system.  The  famous  vio- 
linist thought  that  people  who  did  not  have  absolute  pitch  must 
be  tone  deaf  to  a  cenaiu  extent  Neither  carr)-  one  tone  mem- 
orized to  which  they  refer  all  others. 

I  have  never  yet  found  any  one  who  thought  that  hearing 
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overtODes  was  a  help  in  recognizing  a  tone,  on  the  contrary 
they  say  it  is  in  the  tone  itself,  but  it  seems  that  if  it  lies  in  the 
tone  itself,  the  proper  way  to  teach  young  beginners  wonld  be 
to  have  them  attend  to  the  tone  and  its  overtones  so  that  they 
may  know  it  for  itself,  instead  of  in  its  relation  to  other  tones. 
Although  very  unskillful  at  recognizing  tones  myself.  I  have 
made  greater  progress  since  I  have  been  hearing  out  overtones 
and  trying  to  distinguish  differences  in  the  tones  aside  from 
their  relation  to  other  tones. 

The  following  extract  from  Percy  Goetschius  Mus.  Doc.  puts 
the  problem  and  its  probable  solution  very  neatly. 

"Some  music-lovers  can  distinguish  these  varying  rates  uf 
velocity  so  accurately  that  they  know  which  tone  is  sounding, 
without  reference  to  the  keyboard  or  comparison  with  other, 
previously  defined  tones.  Not  all  persons,  however, — in  fact, 
not  many,^ — possess  this  ability  of  defining  the  absolute  pitch  of 
tones ;  and  it  might  therefore  be  concluded  that  any  individ- 
uality of  key  that  is  based  upon  this  distinction  would  be 
recognizable  only  by  the  very  small  minority  of  music-lovers 
who  are  thus  able  to  define  the  pitch  of  a  tone.  But  that 
proves  nothing ;  the  distinction  does  surely  exist,  whether 
few  or  many  are  immediately  conscious  of  it  and  able  to  define 
it." 


EFFECT  OF  CHANGES  IN  THE  TIME  VARIABLES  IN 
MEMORIZING.  TOGETHER  WITH  SOME  DIS- 
CUSSION OF  THE  TECHNIQUE  OF 
MKMORY  EXPERIMENTATION. 


Bf  PROVUaox  John  A.  BimcsTaau,  Indiana  Vaivenitj. 

(Wltli  the  co-operation  of  Supt,  W.  H,  Ssodera  and  Snpt  P.  A. 
Hvrrin^ton. ) 


The  effect  of  changes  in  tbe  different  rale  variables  in  mem- 
orizing has  been  the  subject  for  occasional  investigation  In  the 
Psychological  Laboratory  of  Indiana  Universit>'  since  1&94-S, 
beginning  at  that  time  with  the  preprntion  of  a  Master's  thesis 
by  Supt.  Sanders  on  tbe  effect  of  different  rates  of  reading  lists 
of  associable  and  dyssociable  words  and  letters  upon  their  re- 
tention and  reproduction  by  anditors.  Tbe  following  year, 
with  a  \-Jew  to  extending  tbe  investigation  to  impressions  re- 
ceived through  the  eye.  and  with  a  view  also  to  securing  ap- 
paratus of  general  utility  for  memory  experiments,  tbe  writer 
designed  the  compound  interrupter  and  exposure  drum,  figured 
and  described  further  on.  With  this  apparatus  several  studies 
were  begun  at  different  times,  but  none  completed  till  Supt. 
Herrington  made  use  of  it  in  the  preparation  of  a  Master's 
thesis,  in  1903-4,  dealiug  with  the  effect  of  varying,  in  the 
learning  of  nonsense  syllables,  the  duration  of  exposure  of 
each  syllable,  the  intervals  between  syllables,  aud  tbe  inter- 
mission between  readings  of  series  of  syllables. 

Tbe  points  of  special  interest  in  the  investigation  have  been 
partly  technical  and  psychological  and  panly  educational. 
The  study  of  the  rate  variables  in  memorizing  is,  of  course,  a 
direct  study  of  certain  elements  in  the  technique  of  experi- 
mentation in  this  field.  To  avoid  the  possible  disturbing  in- 
flueoce  of  these  elements,  experimenters  have  usually  endeav- 
ored to  keep  them  constant  throughout  an  investigation  ;  the 
study  of  their  effects  should  reveal  the  significance  of  varia- 
tions in  them  and  also  under  what  conditions  the  best  experi- 
mental results  may  be  expected.  The  apparatus  required  must 
not  simply  be  .ser%iccab!e  for  ordinary  experimentation,  but 
must,  in  addition,  be  adjustable  with  regard  to  the  variables  to 
be  studied,  so  that  what  will  serve  for  this  purpose  will  serve 
for  most,  if  not  all.  others  in  which  comparable  materials  and 
methods  are  employed. 
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With  regard  (o  the  psyclioloRical  aspects  of  the  problem,  it 
may  be  said  to  he  a  study,  on  the  one  hand,  of  the  degree  of 
pojnible  •djuatiuentoradapution  to  the  different  rate  variables; 
and.  on  the  other  hand,  to  be  a  study  of  the  various  mental 
effects  of  changes  in  these  variables.  The  wide  range  of  pos- 
sible adjustment  of  the  mental  processes  involved,  and  the 
individual  differences,  are  as  remarkable  in  this  as  in  most 
other  lineH.  But  adaptation  is  not  complete  and  uniform  for 
all  rates;  and  the  character,  permanence,  and  economy  of  the 
work  done  under  the  different  couditioiis  is  a  matter  of  prac- 
tical importance.  Perhaps  of  chief  intere.<it,  however,  arc  the 
inferences  suggested  by  ihc  rcsultit  a«  to  certain  fundameuul 
modes  of  mental  activity,  partly  apperceptive  aad  partly  re* 
teotive  and  reproductive,  especially  u  to  the  probable  sttbcon- 
sciou»  adjustments  that  occur  with  the  passage  of  time. 

The  ftoliitiou  of  these  psychological  questions  will  aid  in  the 
analytic  study  of  the  pedagogical  as]Mn:ts  uf  the  problem. 
While  the  instinctive  adaptation  of  both  pupils  and  teachers, 
together  with  existing  pedagogical  precepts  and  traditions,  has 
already  contributed  much  to  the  eladdation  of  the  subject,  yet 
laboratory  studie.4  and  practical  tests  in  schools  will  be  of  ser- 
vice in  the  analysis  of  the  causal  factors,  which  common  expe- 
rience usually  cannot  with  sufficient  certainty  accomplish. 
Moreover,  personal  differences,  the  pressure  of  work,  and  the 
common  pedagogical  illusion  that  what  is  easy  for  the  teacher 
will  be  so  for  the  pupils  are  liable  to  mislead  the  judgment  as 
to  the  most  advantageous  rate  of  work.  One  cannot  visit 
schools  without  receiving  the  impression  that  the  rate  of  work 
of  pupils  varies  considerably  in  different  classrooms,  and  that 
the  heat  rate  is  exceeded  in  some  and  not  attained  in  others. 
Particubrly  is  there  danger  that  the  rate  will  not  be  sufficiently 
adjusted  for  the  different  degrees  of  difficulty  of  the  subject 
matter.  The  rate  of  work  in  many  European  schools,  especially 
those  under  government  control,  seems  often  very  severe  and 
rafud,  due,  perhaps,  in  part  to  extensive  programmes  of  study, 
and  in  part  to  the  adoption  of  a  rigorous  class  management, 
almost  military  in  character.  Whether  average  differences  in 
the  rate  of  work  In  different  countries  is  sufficiently  great  and 
demonstrably  due  to  permanent,  temperamental  causes  so  as  to 
.make  it  sigoiScant  to  speak  of  national  types  or  differences 
cannot  Ik:  rrgardcd  n.t  definitely  established,  though  statements 
with  such  implications  are  often  made,  At  any  rate,  personal 
differences  of  this  kind  within  a  given  country  are  probably 
much  the  greater. 

In  the  analysis  and  formulation  of  tbe  problem  seveml  dis- 
tinctions must  be  noted.  Mental  states  are  of  many  different 
kinds  and  succeed  each  other  at  rates  varying  much  according 
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to  circunutftDCCS.  The  tiain  of  ideas  which  m&kcs  op  the  stuff 
to  be  remembered  may  talce  its  course  wtUi  or  without  imme- 
diate external  suggestion  and  guidance.  In  the  experiments 
here  reported  the  soccesstOD  of  mental  states  was  suggested  by 
series  of  letters,  notuense  syll-tbles.  nitsociable,  and  dyMociable 
words,  presented  st  certain  definite  rates.  The  rates  of  these 
esternal  series,  especially  those  for  the  eye,  may  be  made  quite 
accurate;  but  the  corresponding  mental  ^ries  can  only  be 
made  approximately  as  definite.  The  matter  may  t>e  repre- 
sented as  follows : 
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Part  AB  nf  the  imnginnry  time  line  AX  is  designed  to  repre- 
sent the  external  duration  of  the  impression ;  in  the  case  of 
vision,  for  example,  its  visibility.  Part  BC  represents  the 
vacant  interval  between  the  disappearance  of  one  impression 
and  the  presentation  of  its  successor.  The  series  of  impressions 
may  have  been  a  series  of  any  one  of  the  different  kinds  of  ot>- 
jects  represented  in  the  columns  below  the  time  line.  The 
curve  in  the  .ipace  aboi'e  the  time  line  Is  meant  to  suggest  the 
rise  and  fading  away  of  the  idea  in  consciousness.  In  the  case 
of  associable  ideas  ve  may  imagine  a  back  reference  from  one 
idea  to  its  pre<leoessor  that  will  connect  and  intcnsif>'  them 
both. 

A  question  of  special  interest  but  also  of  special  difficulty  is 
that  regarding  the  natnrc  of  the  connection  established  between 
snccessive  members  of  the  series,  the  answer  to  which  can  only 
be  attempted  by  certain  neurological  s]>eculations.  Even  the 
general  form  of  the  connection  has  only  partly  been  made  out; 
and  it  is  to  the  solution  of  the  latter  problem  that  the  numerous 
experimental  investigations,  beginning  with  that  of  Ebbing- 
haun,  have  in  the  last  twenty-five  years  aimed  to  contribute. 
Ebbinghans  found  that  the  n.'UiOciative  bond  extended  not  only 
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from  one  syllable  to  the  next  snccceding  in  the  series  learned, 
but  measurably  also  as  far  as  the  ninth  down  in  tbe  list  and 
also  to  wtae  <tistaac«  backwards.  He  ascertained  tbat  the 
strength  of  the  connection  decreased  inversely  as  the  logarithm 
of  the  time,  as  measured  by  tbe  number  of  Teadinf;s  sa\-cd  in 
releaming  nimscn«e  syllable  scries  in  the  courK;  of  a  mouth. 
A  »milar  logarithmic  law  was  found  by  Wolfe  to  hold  fnr  the 
decrease  in  the  dintinctness  of  the  memory  of  a  tone  within  the 
sbort  period  of  a  minute,  as  measured  every  few  seconds  by 
the  ability  to  discriminate  it  from  another  nearly  like  It.  thoagh 
it  mti»t  be  noted  ns  an  exception  tbat  tbe  tones  were  most 
easily  discriminated  from  one  another  when  tbe  interval  be- 
tween them  waK  about  two  Heoondit,  which  corresponds  with 
the  interval  Dwclschauvers  found  most  fiivorablefor  tbe  adjust- 
ment of  the  attention  in  reaction  time.  Miilter  and  SchnmAnn 
have  demonstrated  thut  the  nssociative  bond  between  two  syl- 
lables of  a  foot  in  rhythmic  readlDg  is  stronger  than  the  bood 
between  adjacent  syllables  of  (liHercni  feet.  Interference  cfiiscta 
have  been  shown  to  develop  in  the  formation  of  new  modes  of 
reaction  for  the  same  sensory  material.  Mtiller  and  I'ilzecker 
ha%'e  demonstrated  with  the  aid  uf  a  acv  method  that,  other 
things  being  equal,  old  associations  function  more  slowly  than 
tbe  more  leoont.  Tbe  strength  of  an  associaiiou  varies,  besides, 
with  several  other  factors  such  as  the  condition  of  vi)ior  or 
fatigue  and  the  rate  ami  mode  of  learning,  whicb.  as  far  as 
they  concern  the  experiments  here  reported,  will  be  considered 
in  connection  with  their  presentation, 

The  different  ch.iiac  I  eristics  of  the  associative  bond  arc  no 
doubt  present  in  the  ordinary  operatioos  of  memory,  though 
moMt  of  them  are  only  to  be  definitely  ascertained  by  means  of 
experiments.  What  ts  on  the  surface  and  may  be  seen  within 
any  short  period  of  observation  are  such  facts  as  are  described 
by  the  so-called  laws  of  association:  contiguity  and  relation, 
together  with  vividness,  frequency,  recency  and  the  number  of 
repetitions  as  determining  the  strength  of  tbe  association. 
Inferences  from  experiments  and  pathological  observations 
have  sugge.sted  with  more  or  less  probability,  besides  these, 
certain  less  easily  discernible  fectors,  many  of  which  will  have 
to  be  considered  in  the  endeavor  to  account  for  the  experi- 
mental results  presented.  Thus.  l'iol'c*sor  Bnmham  infers 
from  cases  of  retroactive  amnesia  that  "in  normal  memory  a 
process  of  organisation  is  continually  going  on — ^a  physical 
ptxxess  of  organization  and  a  pe>'chological  process  of  repeti- 
tion and  association.  In  order  that  ideas  may  become  a  |Mirt 
of  permanent  memory,  time  mnst  elapse  for  the  processes  of 
organisation  to  be  completed,"  If  true,  this  theory  would 
play  an  important  part  in  the  explanation  of  the  results  of  this 
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investigation.  In  the  coses  of  retroactive  amnesia  described  by 
htm,  the  amnesia  extends  not  only  to  the  facts  of  the  accident 
tbat  brought  '^it  about,  such  as  the  fall  from  a  horse  or  other 
injury,  but  also  to  the  events  preceding  the  accident  by  fi-om  a 
few  seconds  to  perhaps  several  hours.  The  explanation  pro- 
posed for  this,  which  is  the  basis  for  the  more  general  inference 
quoted,  is  that  the  shock  interrupted  a  certain  orflani/iuK  pro- 
cess of  the  mind,  which  is  active  not  only  at  the  time  o(  receiv- 
ing the  impressions  but  forsumc  time  afterwards  and  is  necessary 
for  thdr  retention  and  recall. 

Therefore,  while  it  is  possible  to  make  each  member  of  an 
external  series  of  impressions  occupy  a  definite  time  and  be 
succeeded  by  another  after  a  definite  interval,  and  to  make  con- 
scious attention  to  the  impressions  approximately  parallel  with 
Ihi.f.  there  is  the  possibility  of  a  more  continuous  nervous 
activity,  which,  in  spite  of  the  apparent  parallelism  of  the  ob- 
jective and  the  subjective  series,  can  make  the  results  with  tlie 
slower  rates  better.  In  view  of  this  possible  persistence  of 
nervous  activity,  it  will  be  necessary  not  to  imply,  in  formulat- 
ing the  problem,  as  the  .study  of  the  elTccts  of  changes  in  the 
time  variables  in  memorizing,  more  than  that  conscious  alien- 
liou  to  the  series  approximately  corresponds  with  the  rate  of 
the  external  series. 

II. 

The  methods  employed  in  memory  investigations  may  be 
placed  in  three  classes,  namely,  those  which  involve  the  com- 
plete memorizing  and  reproduction;  those  which  involve  only 
the  partial  memorizing  and  reproduction  of  the  items  studied, 
and  ihof/t  which  mcrastire  the  rate  of  fnnctiuning  of  the  associa- 
tion. In  the  first  class  belongs  the  original  memorizing  method 
of  Ebbinghaus,  in  accordance  with  which  a  series  of  nonsense 
syllables  was  repeated  till  a  perfect  repetition  by  heart  was  ob- 
tained. Tbc  numberof  readings  or  repetitions  needed  was  used 
to  measure  either  the  increased  difficulty  of  learning  with  in- 
creased length  of  series,  or.  in  the  case  of  aeries  once  learned, 
to  measure  after  certain  intervals  the  strength  of  the  associa* 
tions  still  remaining  by  the  saving  eSected  in  releaming,  in 
comparison  with  the  number  of  repetitions  required  for  a  new 
series  of  the  same  length.  Throughout  this  paper  this  method 
will  be  called  the  complete  memorizing  method.  In  this  class 
belongs  also  one  form  of  the  memory  span  te^I,  namely,  that  iu 
which  the  limits  of  the  span  arc  ascertaiued  by  making  suc- 
cessive additions  to  or  subtractions  from  a  list  of  items  read  or 
shown  to  the  subject  till  the  maximuRi  number  that  can  be 
retained  after  being  once  beard  or  seen  is  found. 

In  the  second  Ibrm  of  the  memory  span  test,  which  is  the  one 
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nsnolly  employed  in  sioiultaneotis  experimeats  with  a  large 
ntunbcr  of  individuals,  a  sligbtly  longer  list  of  items  than  can 
be  remembered  after  a  single  presentation  is  used  and  tbe  rela- 
tivc  efficiency  measured  inveriicly  by  the  errors  made.  The 
actual  "memory  span"  is  uol  ascertained  but  merely  tbe  rela- 
tive efficieucj-  under  tbe  same  conditions.  This  experiment  Is 
the  best  known  of  those  which  belong  to  the  second  group. 
The  reproduction  of  what  in  memorized  is  partial  and  must  be 
so,  since  differences  in  records  are  only  possible  when  errors 
are  present.  Tbe  method  of  n>;ht  associates  (  Trtffermelhode), 
developed  by  G.  K.  Miiller  and  l*thcclcer  in  tbe  p.f>'chotogical 
laboratory  at  Goltiugea  and  first  described  in  a  paper  by  Jost, 
in  1897,  abo  belongs  in  this  cla-is.  A  series  of  items  like  non- 
sense syllables  is  repealed  a  certain  number  of  times  and.  aflcr 
an  inter^'al,  alternate  ones  are  shown  singly  to  the  subject  and 
he  is  require<l  to  reciiU  the  one  immcdiiitely  succeeding  or  pre- 
ceding, as  the  problem  may  require.  Usually  the  syllable 
series  is  learned  by  reading  in  Iruchnic  rhythm;  and  the  test  of 
tbe  strength  uf  the  association  at  some  subsequent  time  is  made 
by  presenting  one  of  the  syllables  of  each  foot  to  the  subject 
and  requiring  him  to  recall  tbe  other.  The  number  rightly  re- 
called is  taken  as  the  measure.  Additional  information  regard- 
ing tbe  value  of  the  associations  is  sometimes  obtained  by 
measariDg  with  the  aid  of  the  cbronoscopc  the  length  of  time 
fcqtitred  for  each  recall.  The  pmrapting  method  of  Kbbinghaus 
is  still  another  method  to  be  classified  in  this  second  list.  In 
this,  too,  not  enough  readings  are  employed  to  enable  the  sub- 
ject to  reproduce  the  matertal  completely;  the  number  of  times 
he  must  be  prompted  to  enable  bim  to  do  so  is  the  inverse 
measure  of  tlK  condition  of  tbe  associations.  The  methods  of 
the  second  class  so  far  described  are,  of  course,  easier  and  do 
□ot  require  so  much  time  in  execution  as  would  the  memorizing 
of  series  of  the  same  length  for  complete  reproduction,  with  the 
possible  exception  of  the  method  of  right  associates  when  the 
time  of  the  associalion.-.  is  measured.  This  element  of  greater 
case  is  still  more  noticeable  in  another  method  belonging  to 
this  class,  which  may  l)e  called  tbe  recognitiou  method.  An 
account  of  the  employment  of  it  is  found  in  an  article  by  Hegel- 
maicr  upon  memory  for  length  of  lines,  an  experimental  study 
made  in  Vierordt's  laboratory  about  185a.  It  has  since  been 
employed  by  H.  K.  Wolfe  in  experiments  upon  memory  for 
tones  and  by  many  others  in  the  study  of  memory  for  qualities 
and  intensities  of  sensations.  The  method  is  the  same  as  tbe 
method  of  "right  and  wrong  cases"  in  experiments  for  the 
Weber  law.  the  interval  Ijctween  presenting  the  standard  and 
the compariaon  being  varied,  if  the  purpose  of  the  experiment 
ia  to  aacertaio  tbe  rate  of  forgetting.     More  recently  the  recog- 
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nltioa  method  hss  been  employed  by  Fritz  Rcuther  with  com- 
plex materials.  In  bis  expenments  be  required  the  snbjea  to 
rend  series  or  four  place  numbers,  which  be  then  sfaovred  him 
tatcr  according  to  certain  experimental  plans  to  see  how  many 
he  would  recognize.  Tlte  subject  did  not,  of  course,  know 
that  the  second  series  was  ihc  same. 

The  writer  has  employed  the  method  in  the  followiufc  form: 
A  series  often  nonsense  K>'llal>1c.s  were  rend  once  or  more  ac- 
cording to  the  problem;  then  a  second  series  of  twenty  syllables 
was  shown  containing  the  fir.Ht  ten  and  ten  others.  The  num- 
ber of  syllnhles  the  subject  recognized  under  given  conditions 
was  taken  as  the  measnre  of  the  strength  of  the  associations. 
It  ta  esKntial  in  the  us«  of  thix  method.  a»  with  others  of  ita 
class,  that  only  a  part  of  the  syllables  shall  be  recognized. 
Figure  i  gives  a  sample  of  the  material  used. 

PiGvaK  a,    P*aT  I. 
pab      klj      mag      qer     vum      sed      Uf      bov     tol     jap 

Pakt  II. 

tns  ziz  pub  se<l  ntir  vnm  .^an  wav  jap  qer 
gox      lif       tol         qif      hov       mag    torn    ket      kij      dul 

The  method  employed  by  Miss  Tbcodatc  L,  Smith,  in  which 
a  series  of  ten  syllables  or  characters  were  exposed  to  view  for 
twenty  seconds  for  the  subject  to  read  as  he  pleased,  with  the 
requirement  that  he  should  write  down  all  he  could  remember 
afterwards.  Wlongs  also  In  this  cltLss;  as  do  the  methods  em- 
ployed in  the  experiments  reported  in  this  paper. 

In  the  third  class  may  be  placed  the  usual  methods  for  de> 
tennining  the  practice  curve  by  measuring  the  improvement  in 
speed,  as,  for  example,  was  done  by  Bryan  and  Harter  in  the 
study  of  telegraphic  language.  Here,  too.  would  be  placed 
the  method  employed  by  the  writer  in  the  study  of  memory 
problems  by  the  interference  of  a-ssodations.  In  both  classes 
of  experiments  the  rate  of  fanctioning  is  what  is  directly 
measured. 

III. 

The  experimental  technique  in  the  useof  these  OWtboda  also 

goes  back  to  the  wurk  t>(  J-^bbinghaus.  wbo  fimnitlatcd  flOmeof 
the  chief  requirements.  To  secure  uniform  unconnected  ma- 
terial for  bi^  experiments,  Hbbingfaaus  made  use  of  non»en.<ie 
syllable  scries.  Miillcr  and  Schumann  introduced  a  conven- 
ient plan  for  their  construction  and  laid  down  certain  rules  for 
securing  greater  homogeneity,  so  as  to  make  tbem  "aormftl" 
or  "extra  normal,"  in  this  developing  a  procedure  which  Eb- 
binghaus  bad  discarded  in  favor  of  leaving  the  character  of  the 
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sjUsUes  wholly  to  chance.  To  be  "nomial"  all  initial  con- 
soaants,  all  middle  vowels,  and  all  final  consonants  respectively 
in  any  given  series  must  l>e  clifTcrent,  as  far  as  posdble.  The 
initial  consonant  of  the  first  atxl  the  fioal  consonant  of  the 
second  syllable  of  one  of  tlie  trochaic  feet  into  which  the  series 
is  divided  in  reading  must  not  be  the  samr ;  and  two  or  more 
successive  syllables  must  not  form  well-known  words  or 
phrases.  To  be  "extra  normal"  no  two  syllables  used  on  the 
same  day  shall  have  two  letters  the  same,  In  constructing 
series  small  cards  with  initial  con.sonantii  are  placed  in  one  box, 
cards  with  the  middle  vowels  in  another,  and  cards  with  the 
end  consonants  in  a  third.  A  syllable  is  made  by  taking  by 
chance  a  letter  from  each  of  the  boxes  in  the  order  mentioned. 
Wbeo  a  sufficient  number  of  syllables  for  a  series  has  been  se- 
cured, the  cards  used  are  pnt  baclc  into  their  respective  boxes 
and  the  procedure  repeated  for  other  series.  After  this,  what 
oeeds  to  be  done  to  malce  the  series  "normal,"  can  usually  be 
dcme  by  shining  one  or  two  syllables;  the  "extTm-normal," 
however,  may  require  the  coastruction  of  ucw  syllables. 

To  secure  the  uniformity  necessary  for  experimental  pur- 
poses in  the  work  of  memorizing  itself,  Hbbtnghans  read,  re- 
peated what  be  could,  read  from  the  point  of  hesitation,  and 
continued  reading  and  repeating  in  this  way,  all  at  the  uniform 
rate  of  150  syllables  per  minute,  till  he  wa^i  able  to  repeat  the 
whole  series  by  heart.  The  rate  was  secured  by  timing  the 
reading,  in  the  early  experiments,  by  the  strokes  of  a  mctro- 
oome.  and  in  the  later,  by  the  ticks  of  a  watch.  The  syllable 
series  was  written  on  a  sheet  of  paper,  and  in  reading  several 
syllables  might  be  seen  at  oiice.  The  efibrt  to  maintain  a  cer- 
tain rate  by  aid  of  an  external  standard  is  a  scmrce  of  .strain 
and  distraction,  especially  at  first ;  moreover,  the  possibilitj-  of 
seeing  sei'eral  syllables  at  once  might  introduce  an  error  in  the 
study  of  various  values  in  successive  association.  Miiller  and 
Schumann,  therefore,  in  taking  up  the  study  of  memory  prob- 
lems by  the  Hbbinghaus  method,  endeavored  to  avoid  these 
difficulties  by  placing  the  syllable  lists,  written  in  a  vertical 
order,  on  the  horizontal  drum  of  a  kymo)craph,  before  which 
they  arranged  a  screen  with  an  opening  so  that  only  one  sylla- 
ble could  be  .seen  at  a  time.  This  plan  has  been  employed  not 
only  in  the  extensive  and  important  studie.-*  made  in  Pro^es^o^ 
Miiller's  laboratory  at  OiJltingen,  but  in  studies  made  else- 
where, as  at  \Vtit/.Uirg  and  Chicago.  For  changes  in  the 
duration  of  visibility  of  the  syllables,  or  of  the  interval*  be- 
tween them,  or  of  the  rests  between  series  of  syllables,  it  is 
evidently  incon%'cnicnt  and  not  free  from  the  intrixluclion  of 
other  variables  than  the  one  studied.  For  example,  if  the  rate 
of  presentation  of  the  syllables  b  varied  by  changing  the  rate 
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of  tfae  drum,  tbe  rate  of  motion  of  the  ttyllsble,  as  it  goes  before 
the  eye.  and  so  the  time  of  its  visibility,  or  ebe  the  distance  it 
traverses,  is  altered.  To  change  the  rale  of  presentation  of  the 
sylUbles  and  yet  keep  the  time  of  visibility  the  same,  would 
require  keeping  the  kymograph  at  the  same  speed  and  reypa- 
cing  tlie  KvllablcK.  The  authors  call  attention  to  another  diffi- 
culty, aamely,  that  watching  the  movement  of  the  drum  and 
syllables  givca  rise  to  eye  strain  and  even  dizziness,  which  one 
of  their  subjects  suggested  might  be  remedied  by  having  the 
presentation  of  the  syllables  made  step-fashion.  Published 
accounts  of  apparatus  by  which  this  might  be  done  have  not. 
however,  appeared  till  recently.  The  latest,  that  by  Dr. 
Wirlh,  seems  to  differ  from  the  first,  that  of  Randsburg,  chiefly 
in  being  so  planned  as  to  be  nearly  noiwless  in  its  operation. 
It  consists  essentially  of  a  disc  or  short  drum  moved  by  a 
weight,  but  made  to  move  step-fashion  by  an  escanement, 
which  is  operated  electrically  by  a  metronome.  With  the  disc, 
the  items  to  be  learned  are  written  in  sectors,  the  di^  moving 
forward  a  sector  at  a  time  and  each  sector  being  onc-sixtieih  of 
the  whole  area.  These  pieces  of  apparatus  leave  the  syllable 
stationary  while  it  is  being  observed  but  do  nut  provide  means 
for  variiig  the  duration  of  visibility  independently  of  the  gen- 
eral variation  in  the  rate  of  sncccution  or  for  the  convenient 
adjustment  of  the  intervals  between  series.  In  these  respects 
the  apparatus  used  in  our  experiments  and  descril>ed  below  has 
the  advantage. 

Figure  3  reproduces  a  sketch  of  the  compound  inlernipler, 
or  system  of  pendulums,  by  which  the  intervals  between  sylla- 
bles and  the  duration  of  visibility  of  each  syllable  is  regulated, 
as  far  as  need  be.  independently  one  of  the  other.  The  visi- 
bility is  regulated  by  the  small  pendulum  at  the  right,  P*.  P* 
docs  not  swing  iudependently  of  the  other  two  pendulums,  P' 
and  P*.  At  each  extremity  of  its  swing  there  is  an  electro 
magnet,  one  of  which  shows  in  the  figure.  It  swings  from  one 
to  the  other  only  when  the  current  in  the  magnet  that  holds  it 
is  broken.  When  the  cnrrent  in  the  magnet  at  one  end  is 
broken,  it  is  made  simultaneously  in  the  magnet  at  the  other 
extreme,  so  that  the  pendulum,  when  it  reaches  this,  is  caught 
and  held  till  the  current  in  that  is  in  turn  broken.  The  cur- 
rent may  be  made  or  broken  in  these  two  magnets  by  either  of 
the  two  large  pcudnlums  according  to  Ihe  cminections  made. 
The  change  occurs  when  the  large  pendulum,  with  which  the 
small  pendulum  magnets  are  connected,  swings  past  its  centre 
and  therefore  regularly  at  the  beginning  of  each  half  swing. 
The  half  swing  of  Ihe  large  pendulums  gives  the  intervals  l»- 
twecn  the  syllables,  the  swing  of  the  Utile  pendulum  gives  the 
dutation  of  visibility,  which  can,  of  course,  remain  the  same 


with  different  periods  of  the  larger  pendulums,  or  be  varied 
wbile  the  total  lutervd  l>etweeti  tbesyllablen  remains  the  same. 

The  large  pendulumH  are  kept  in  motion  by  being  parts  of 
the  oscillating  motors  (M).  They  receive  a  slight  impetus 
vrtien  oearinK  tli<^  vertical  in  their  swing  each  way.  The  com- 
mutator (S)  is  so  arranged  that  the  contact  fiprijig  bears  now 
OD  oue  side,  aovt  on  the  other,  according  to  the  direction  of  the 
swing.     The  heavy  lines  of  (S)  are  metallic  contact  suifiaces. 

For  practically  all  expcrimctits  likely  to  be  made,  only  one 
of  the  large  pendulums  would  be  nce(!e<I,  «o  that  the  inter* 
mptcr  could  lo  that  extent  be  simpliged.  It  would  then  cod- 
sist  of  oue  large  and  oue  small  pendulum.  The  electrical 
connections  with  the  escapement  would  be  correspondingly 
reduced  in  number.  In  this  respect  it  is  now  so  arranged  that 
by  the  switch  shown  in  I'igure  4  either  of  the  large  pendulums 
can  be  made  to  operate  the  escapement  in  immediate  sucoessioo, 
the  small  pendulum  working  with  one  or  the  other  as  may  be 
required.  This  arrangement  was  especially  made  so  that  the 
subject,  according  to  a  variation  of  the  Ebbinghaus  method, 
might  read  the  syllabk■^  nt  one  rate  nnd  repeal  them  nt  a 
slower  rale,  but  be  able,  as  soon  as  he  failed  iu  repeating,  to 


FlCDttB  4.      BXPOSOKS  DRQU. 

Figure  4  gives  a  picture  of  the  exposure  dram  and  escape- 
ment. Tbe  drum  i»  about  16.5  ciu.  long  ^^^  9  cm.  in  diame- 
ter, Since  it  mus[  act  as  quickly  and  with  as  little  nhock  as 
possible,  a  point  of  special  importance  is  to  make  it  very  Hght. 
This  one  has  nlutninum  ends  nnd  a  thin  aluminum  cylinder. 
For  the  cyliadcr  a  hcavj-  paper  was  at  one  time  used,  but  the 
aluminum  seems  better.  The  uae  of  a  skeleton  steel  end  for 
the  one  ^rith  the  cogs  nrould  be  an  improvement.  One  thing 
to  be  noted  is  that  by  the  pressure  of  the  lever  the  escapement 
is  thrown  out  of  action  so  thai  the  drum  flies  around  to  the 
starting  point,  being  there  arrested  by  the  two-pronged  spring 
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screwed  (o  tlie  end  of  tbe  drum,  the  curved  prong  arresting 
tb«  drum  geDtly,  the  straight  one  placing  it  in  position.  As 
soon  as  the  end  of  a  series  is  reached,  it  is  possible  to  make  tbe 
interval  before  begiutitug  reading  it  again  wbatever  may  l>e 
desired,  without  the  need  of  waiting  till  the  drum,  by  its  inter- 
rupted motion,  brings  one  to  the  beginuiug. 

The  noise  is  reduced  s'imewhat  by  mounting  tbe  drum  solidly 
on  a  rather  heavy  iron  base  and  by  placing  the  entire  apparatus 
on  a  stone  foundation.  But  even  .■>»,  tbe  e.scu]>emcni  works 
with  a  sharp,  though  not  a  reverberating  click.  However,  tbe 
blows  of  tbe  cogs  on  the  escapement  are  syucbronous  with  the 
preseDtation  of  tbe  syllables  and  distract  the  attention  but 
little,  since  there  is  no  requirement  that  tbey  shall  be  attended 
to  or  followed.  The  eflisct  is  somewhat  the  same  as  would  be 
produced  by  accompanying  the  oral  reading  of  the  syllablea  by 
a  synchronous  tapping  ou  the  (able. 

One  part  of  the  apparatus  does  not  show  in  tbe  sketch, 
namely,  the  part  needed  in  tbe  employment  of  tbe  recognition 
method  (lescril>ed  alx'vc.  In  this  case  it  is  ncccNSiiry  to  have 
some  means  of  recording  what  syllables  arc  rccogni/cd.  This 
record  is  made  on  a  narrow  strip  ou  tbe  left  end  of  tbe  drum 
by  means  of  an  electric  marker.  The  use  of  other  |>arts  of  tbe 
apparatus,  such  as  the  slide  with  opening  for  seeing  tbe  sylla- 
bles and  the  rotation  recorder  at  the  right  end.  doubtless,  »c«d 
oo  explanation.  One  other  thing,  however,  should  be  men- 
tioned. No  additional  apparatux  i.«  needed  in  employing  the 
method  of  right  associates,  except  a  chronoscopc  in  case  tbe 
time  of  recall  U  also  to  be  measured.  The  pressure  on  tbe 
same  key  can  simultaneously  start  the  cbronoscope  aud  make 
tbe  exposure  of  tbe  syllable. 

The  drum  was  made  of  sttch  a  uix  that  the  vertical  distances 
of  the  syllables,  or  the  interliueage.  corresponds  to  a  fixed 
interlineage  of  a  type-wiiter,  by  which  all  tbe  syllable  lists 
have  been  prepared. 

IV. 

As  has  been  stated,  the  first  experimental  data  were,  how- 
ever, not  obtained  with  the  aid  of  this  apparatus  but  by  oral 
presentation  at  dilTcrL-nt  rates,  the  rate  being  controlled  by  a 
melronotnc.  The  chief  cxpcrimeDt  made  by  Supt.  Sanden.  by 
this  method  comprises  records  obtained  simultaneou.'ily  from 
thirty  students  in  tbe  psychological  laboratory,  in  May  and 
June,  1895.  Tbe  students  bad  participated  in  laboratory 
practice  throughout  the  academic  year  np  to  that  time,  so  that 
the  conditions  were  quite  favorable.  Two  kiuds  of  materials 
were  us-eA.  namely,  limits  often  associable  words  ntid  tist»  often 
letters  arranged  in  accidental  order.     Series  of  both  kinds  were 
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read  on  each  rfay  of  ex jwri mentation  according  to  «  compenKt- 
ting  programme,  with  intervals  from  word  to  word  or  letter  to 
letter  of  o,  .<;,  i,  and  2  second.^.  Hitcli  series  was  read  once 
and  the  subjects  were  asked  to  write  down  as  many  as  they 
oould  remember  within  a  cerl&in  time  beginning  immediately 
after  tlic  reading.  The  average  number  of  series  of  associnble 
words  and  letters  employed  with  each  individual  st  each  rate 
was  22.4  nnd  30.23,  or  224  words  and  302.3  letters  respectively; 
giving  a  total  of  6,730  words  and  9,070  tetters  for  the  whole 
group  at  each  rate,  or  a  total  of  20, 160  words  and  27,310  letters 
for  all  at  all  three  rales.  The  errors  made  arc  classified  as 
omissions,  iascrtions.  and  mistakes  of  order.  By  omissions  is 
meant  the  number  of  words  or  letters  left  out  by  the  subject  in 
reproducing  a  scries,  by  insertions  the  number  of  words  or 
letters  put  down  by  him  that  were  not  in  the  original  series. 
The  number  of  real  mistakes  of  order  cannot  be  counted 
exactly  but  it  is  probably  approximately  proportional  to  the 
nnmber  of  changeii  that  must  be  made  to  set  the  series  right, 
and  this  is  what  has  been  counted  and  set  down  under  the 
bead  of  mistakes  of  order.  The  accuracy  of  reproduction  is 
inversely  as  the  number  of  errors;  this  must  be  kept  in  mind 
in  the  interpretation  of  the  averages. 
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To  facilitate  comparison  of  the  cbanges  with  the  diffcrent 
rates.  Table  II  gives  the  distribution  of  errors  at  the  different 
rates  in  per  cents  of  the  total  number  of  errors  of  each  kind. 

The  number  of  errors  with  the  assodable  words  is  37.17% 
of  the  whole  numticT  of  words;  the  nnniljcr  of  emors  with  the 
letters  is  41.73%  of  the  whole  number  of  letters.  Inthccoae 
of  the  words,  the  omis.Mons  are  29.46%,  the  insertions  5.16% 
end  the  mistakes  of  order  3.53%  of  the  whole  number  of  word^; 
and  in  the  case  of  the  letters  the  corresponding  per  cents  are, 
35.58.  7.93,   and  8.45.      The   fact  that   there  are  relatively 
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more  insertions  and  especially  mistalccsof  order  with  the  letters 
than  with  the  words,  is  doubtle^  due  to  the  fact  that  the  wordi 
make  a  scries  with  an  order  determined  by  the  associations, 
which  is  itot  Kenernlly  true  with  the  letters  hut  only  accident- 
ally so  when  they  happen  to  fall  into  n  mnemonic  scheme. 
That  Ibey  would  not  be  remembered  so  well  in  their  order 
would  naturally  follow,  The  abseoce  of  definite,  well  known 
associations  in  the  case  of  the  letters,  together  with  their  small 
ntunber  and  their  being  nsed  over  and  over  sgain  would  make 
one  mure  liable  than  in  the  mneof  the  words  to  miike  insertions 
of  letters  which  should  not  be  present. 

What  conceros  ns  especially,  however,  is  the  striking  difier- 
ence  in  the  relstive  distribution  of  errors  in  the  two  kinds  of 
materials  at  the  different  rates.  With  the  words  the  number 
of  errors  decreases  to  Ics«  than  half  as  the  intervals  increase 
from  0.5  to  2  »econd.s.  With  the  letters  the  decrease  is  rela- 
tively small,  the  change  from  1  to  a  having  somewhat  greater 
effect  than  the  cliauKe  from  0.5  to  1  second.  With  neither 
kind  of  material  do  the  different  kinds  of  errors  decrease  in  the 
same  proportion.  In  both  the  decrease  in  the  per  cent,  of  inser- 
tions is  greatot,  in  the  per  cent,  of  mistakes  of  order  least  of 
all. 

The  marked  reduction  of  the  errors  with  lengthening  inter- 
vals in  the  case  of  the  words  can  leave  no  doubt  of  the  great 
effect  of  the  interval.  The  reduction  occurs  with  every  indl- 
vidnal  and  with  re^rd  to  all  kinds  of  errors,  with  a  few  excep- 
tions in  mistake*  of  order.  The  number  of  errors  would  be 
still  further  redticed  if  the  intervals  were  made  longer,  for,  it 
the  connection  between  the  words  is  carefully  noted,  all  can 
usually  be  reproduced  cither  forward  or  backward,  even  after  a 
considerable  period  of  time.  Should  the  reduction  in  the  num- 
ber of  errors  continue  at  the  same  rate,  as  is  probable,  there 
would  be  only  10'^^  errors  if  the  longest  interval  were  doubled; 
and,  if  the  interval  were  then  doubled  again,  nearly  all  would 
perhaps  disappear. 

In  the  ca.4e  of  the  letters  the  reduction  in  the  errors  with  in- 
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creasing  intervals  is  relatively  small  and  docs  not  occur  in 
every  cttxe  Inil  only  with  twenty-one  of  the  thirty  subjects,  the 
rest  cither  doing  nearly  equally  well  or  slightly  t>ctter  with  the 
more  rapid  rates. 

After  the  testit  were  over,  Su[>t.  Sanders  made  a  personal 
inquiry  regarding  the  methods  of  memorixtng  by  the  different 
subjects,  particularly  as  to  whether  mnemonic  aids  suggested 
themselves  in  learning  the  letters.  He  found  that  most  of 
those  who  prefer  the  slower  rates  have  a  disposition  to  employ 
some  grouping  or  association,  while  most  of  those  who  prefer 
the  more  rapid  rates  do  not  do  so.  It  seemed  probaUe,  there- 
fore, that  thebetterrecordsohtained  with  the  lettersat  the  slower 
rates  were  due  to  associative  processes  in  this  case  as  well  as  in 
the  case  of  the  words,  and  that,  aside  from  this  the  mind  can 
adapt  itself  to  receiving  simple  nnrelated  impressions,  like  the 
letters  nearly  equally  well  at  any  of  the  rates  employed,  while 
the  interval!!  have  a  high  value  with  relatively  complex  and 
associable  material.  That  this  conclusion  represents  the  most 
important  comparative  aspect  of  the  two  sets  of  experiments, 
seems  clear.  Whether  it  can  lie  made  to  cover  all  the  fects  now 
knotvn  about  this  problem,  will  be  considered  later  in  conncc- 
tiou  with  the  di.Hcu.vMon  of  $ul>sequt:nt  experiments  and  the 
results  of  others. 

In  the  case  of  the  associable  words  the  total  number  of  errors 
make  the  following  per  cents  of  the  whole  number  of  words  at 
the  different  rates;  (0.5.  1,  aud  2  seconds),  namely,  51.12, 
36.5.  and  23,9,  giving  14.62  and  13.6  rcsi>ectively  as  the 
amount  of  decrease  from  the  shortest  to  the  medium  and  from 
the  medium  to  the  longest  interval.  If  we  consider  only  the 
omissions,  which  are  about  four  times  as  numerous  as  all  the 
other  errors  put  together,  we  find  that  the  decrease  from  0.5  to 
I  i.s  almost  exactly  as  Rrcat  «s  the  decrease  from  i  to  2,  the 
omissions  making  the  following  per  cents  of  the  whole,  39-97, 
29.27  and  19.14,  aud  glfiug  10,7  and  10.13  as  the  dilTcrenoes. 
The  decrease  in  the  errors  proceeds  approximately  in  an  arith- 
metical series,  while  the  intervals  increase  in  a  geometrical 
series,  the  rate  of  decrease  of  the  insertions  being  greater  and 
that  of  mistakes  of  order  less.  The  number  of  iusertions  at 
the  fastest  rate  I.1  di.'tproportionately  large,  which  may  l>e  due 
In  indistinctness  of  enunciation  by  the  experimenter  or  inat- 
tention on  the  part  of  the  subject.  As  has  been  said,  if  the 
relation.s  in  the  scries  had  been  clearly  noted,  nearly  all  of  the 
words  would  have  been  recalled.  The  realization  of  meanings 
and  the  noting  of  relations  between  the  words  took  place  to 
some  extent  with  the  most  rapid  rate,  to  a  much  greater  extent 
with  the  slowe:>t  rate,  though  tt  was  even  with  this  incomplete. 
The  words  represent  complex,  though  familiar  ideas  and  the 
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seeiug  of  the  relations  between  Ihem  depends  upon  snd  doubt- 
leas  taken  place  directly  in  connection  witb  the  apprehenstion 
of  tbcdiflercnt  meanings  of  the  words.  Moreover,  if  we  as- 
gnme  that  the  amount  recalled  varies  with  the  degree  of  ssso- 
ciation.  wc  can  -stale  the  result  from  this  point  of  view  iis  fol- 
lows: The  euqviiUion  and  rttenli&n  of  a  serif  s  of  familiar  aiu- 
dahie  words  zviriei  approximately  as  the  logarithm  of  the  interval 
at  whith  the  words  are  spoken,  the  shortest  interval  heing  Iketl 
which  barely  permits  a  dear  pronunciation.  The  length  of  time 
before  a  given  stage  of  ani^ioctatioii  would  be  readied  would 
vary  witb  the  iudividual  and  the  maieriRl,  but  even  within 
theie  limiU  the  scope  of  this  law,  if  we  can  so  call  it,  may  be 
very  great.  It  is  not  unlikely  that  it  would  roughly  represent 
the  rate  of  acquisition  of  ideas  from  reading  or  oral  communi- 
cation: not  that  the  iiiterv:i1s  in  this  case  would  be  Iwtween 
words,  but  rather  belwccn  ideas  suggested  by  significant  words, 
phraives,  and  clauses.  Seeing;  the  relations  between  the  words 
of  these  experimental  series  requires  a  realization  of  the  mean- 
ings of  words  and  the  perceiving  of  relations,  which  is  uot 
unlike  the  process  required  for  the  apperception  of  discourse. 
According  to  this  formula,  acquisition  is  especially  rapid  in  the 
first  few  moments,  whicb  accords  with  experience,  since  a 
speaker  needs  only  to  make  a  small  differeuce  in  his  rate  of 
ntterance  to  make  himself  either  well  or  ill  understood.  With 
respect  to  this  matter,  however,  individual  differences  arc  con- 
siderable, and  the  statement  is  only  regarded  as  a  rough  ex- 
prosion  of  a  general  rcHult.  A  preliminary  experiment  by 
Stipt.  Sanders  with  six  persons  gives  ^omc  additional  data. 
Two  kinds  of  mateiials  were  u^ied,  namely,  lists  of  ten  a^.socla- 
blc  words  and  lists  of  eight  disconnected,  or  dyssociuble  words. 
There  are  340  series  for  each  of  the  six  general  averages.  40 
being  supplied  by  each  subject.  The  intervals  do  not,  in  this 
case,  make  a  geometrical  progression,  which  must  be  kept  in 
mind  in  considering  how  closely  the  averages  follow  the  for- 
mula. The  per  cents  in  the  the  table  below  (the  sums  for  all 
three  kinds  of  errors)  are  of  the  total  number  of  words  for  the 
different  intervals. 
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Wotd  proDoutic«(I.  Word  mitten. 
mosic  songs 


fire 

flames 

clasfies 

scboUrs 

SOQIUI 

DIHSe 

which  shows  considerable  divergence.  There  was  some,  but  not 
so  great,  a  difference  in  the  fiome  direction  in  the  preceding 
experiment.  This  tasy  be  the  normal  deviation,  though  there 
is  .4o;ne  reason  for  believing  that  it  i»  due  to  the  development 
of  insertions  from  cauiies  that  would  not  t>c  a  part  of  the  process 
to  which  the  formula  is  supposed  to  apply.  Such  would  be 
tiiseitions  due  to  miiicouceptioits  of  words  indistiuctly  spoken, 
which  would  be  liable  to  occur  chicfiy  at  the  most  rapid  rate. 
The  misconception  takes  its  place  as  one  of  the  number  of 
items  tb?  subject  can  remecnlHrr  nnil  so  will  often  give  rise  to 
an  omission  as  well  as  to  au  insertion,  in  this  case,  counting 
double  in  the  totals.  Supt.  Sanders  collected  a  numlwr  of  in- 
stances of  still  another  type  of  insertion  that  occurs  chiefly 
with  the  rapid  rate.  In  this  case  the  subject,  instead  of  re- 
membering the  word  spoken,  remembers  a  suggested  word. 
Word  pronouDcad.  Word  written 

1^  tongtie 

dual  double 

silent  ((uiet 

trees  forest 

son  boy 

With  regard  to  the  disconnected  words,  it  might  have  been 
supposed  that  the  effect  of  the  intervals  with  them  would  cor- 
Kspond  rather  with  the  effect  on  the  letterii  than  with  the 
effect  on  the  associable  words,  but  the  reverse  is  true.  It  will 
be  seen,  however,  that  the  influence  of  the  intervaU  in  the  case 
of  the  disconnected  words  is  only  about  two-thirds  as  great, 
which  would  place  them  in  this  respect  between  the  associable 
words  and  the  tetters.  As  in  the  case  of  the  associable  series, 
the  words  represent  familiar,  but  rather  complex,  ideas,  and 
besides,  they  may  not  be  wholly  uuassociable,  but  merely  dya- 
sociable.  The  explanation  of  the  effect  is  therefore  probably 
the  same  In  both  cases,  though  the  %'alue  of  the  longer  intervals 
with  the  disconnected  words  is  probably  to  be  found  in  tb« 
more  complete  apprehension  of  the  individual  words  rather 
than  of  their  connection  with  each  other. 

V. 

In  the  experiments  made  by  Mr.  Herrington  in  1903*4,  witb 
the  aid  of  the  apparatus  described  in  Section  III,  only  one  kind 
of  material  was  used,  namely,  nonsense  syllables.  In  this  case 
a  greater  degree  of  precision  with  regard  to  the  intervals  is 
possible;  and  the  schedule  of  experiments  was  arranged  to 
make  use  of  this  advantage  so  as  to  ascertain  the  effect  of 
changes  in  all  the  elementary  time  variables.  It  was,  there- 
fore, partly  a  study  of  the  elementary  factors  of  technique  and 
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partly  a  study  of  the  psychological  probleou  involved.  Tbe 
experimeiits  of  Sauders  were  addressed  to  the  nr.  these  to  the 
eye;  and  the  subject*  were  tested  singly,  not  en  masse  as  be- 
fore. 

The  elemetitary  time  variables  are  tht;  duration  of  exposure 
of  the  syllable,  the  intervals  between  syllnblcrt  (thnt  i$.  the 
lime  from  tbe  beginning  of  one  syllable  to  the  bcgitiniDg  of  tbe 
next),  and  tbe  rest,  or  interral  from  the  end  of  one  complete 
reading  of  a  series  to  the  beginning  o(  the  next  reading.  As 
tbe  vacant  interval  from  one  exposure  to  tbe  next  is  the  com- 
plement of  tbe  exposure  with  respect  to  the  whole  interval,  tt 
wilt  not  need  separate  treatment. 

Mr.  Herrington'»  work  comprise*  thus  three  .lets  of  experi* 
meats,  one  for  each  of  the  time  variables,  with  records  from 
three  subjects  in  each  case.  Twelve  syllabic  scries  were  used 
thronghont.  Kach  was  read  four  tiroes  under  condllloas  re- 
quired  by  the  problem,  immediately  after  which.  witbJa  a 
specified  time,  the  .subject  was  retiuircd  to  write  down  q.s  many 
syllables  as  he  could.  Forty-eight  scries  were  studied,  that  is, 
tea<l  silently  by  each  person  at  each  rate.  Each  day  be  was 
given  twelve  series  to  learn.  TheAC  were  distributed  equally 
with  respect  to  the  different  rates  and  taken  in  such  an  order 
as  to  compensate  as  far  ajs  possible  for  practice  and  fatigue,  so 
w  to  permit  at  the  end  a  sale  comparison  of  the  records  under 
tbe  different  oondltlotu. 

The  first  set  of  records  concerns  the  value  of  variations  in 
the  time  of  exposure,  or  vinibility,  of  the  syllable,  when  tbe 
total  interval  from  syllable  to  sj'llable  remains  constant.  The 
expoiiure  was  reduced  till  it  seemed  barely  possible,  without 
practice,  to  read  a  series  correctly.  This  exposure  was  4Hf. 
The  exposure  was  then  increased  by  doubUng  so  that  tbe  dura- 
tion makea  a  geonielrical  series,  all  but  the  last,  which  was 
erroneously  made  a  little  too  small  for  this  purpose.  The  total 
con.<ttant  interval  from  syllable  to  syllable  was  768^.  By  sab- 
tracting  from  this  tbe  different  exposure  times,  tbe  length  of 
the  vacant  intervals  from  the  end  of  one  exposure  to  the  next 
may  be  obtained.  Tbe  following  table  i^ives  tbe  average  num- 
ber of  errors  of  alt  kinds,  per  series,  together  with  the  prutuble 
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errors  of  tlie  averages,  the  latter  being  calculated  from  the 
records  grouped  into  six  averages  of  eight  each  to  compensate 
lot  practice  effects. 

It  will  l>e  seen  that  the  variations  in  the  exposure  appear  to 
affect  the  rcsolts  but  little.  However,  a  well  marked  prefer- 
ence was  expressed  by  the  subjects  for  the  exposure  of  iiv, 
though  the  nctual  results  do  not  indicate  any  important  differ- 
ence  in  its  favor.  It  was  said  to  be  more  agreeable  and  restful 
than  the  others.  It  b  on  accoant  of  this  preference  thai  this 
expostirv  IE  uwd  in  the  subscqural  experiments  with  other 
variables.  The  3i8<»  expoeuie  was  felt  to  be  unneces.sarily  and 
somewhat  disagreeably  long  and  the  4i(r  as  so  inconveniently 
short  as  to  involve  a  strain. 

The  apprehen.iion  of  a  syllable  is  so  nearly  pnrely  a  preformed 
apperceptive  process  that  the  longer  duration  of  the  visual 
image  seems  to  affect  the  result  but  little.  In  fact  the  process 
appears  to  have  a*  period  of  its  own  so  thnt  the  duration  of  the 
objective  stimulus  beyond  a  certain  point  is  fcU  to  be  disagree- 
able. The  proce-'«  of  apprchenNion  does  not  end  with  the  ex- 
poxnre;  lor,  as  will  be  seen  in  the  next  experiment,  the  length 
of  the  vacant  interval  before  the  next  exposure  aflects  the 
results  very  greatly,  hut  for  this  the  objective  stimulus  is  not 
needed  and  is  likely  to  be  felt  as  a  source  of  distraction. 

There  is  still  another  way,  besides  through  the  duration  of 
the  visual  impression,  that  we  might  expect  that  varying  ex- 
posure would  affect  the  results,  that  is  by  inducing  a  more  or 
less  teuse  attention  according  as  the  syllabic  must  be  recognized 
iu  a  very  short  or  a  relati%'ely  long  time.  That  this  tvould 
affect  the  records  favorably  or  unfavorably,  is  ni.>t  impos.<ihle. 
Another  set  of  records  would,  perhaps,  give  more  marked  dif- 
ferences than  were  obtained  this  time,  especially  since  the  Mib- 
jects  learned  so  few  of  the  syllables  that  a  difference  of  a  single 
one  represents  a  large  fraction  of  all  they  learned  and  the  test 
could  be  made  more  sensitive  either  by  reducing  the  number  of 
syllables  or  increasing  the  number  of  repetitions.  The  com- 
ment of  one  subject  on  the  jiSff  exposure  suggests  another 
possibility,  which  it  would  require  additional  experiments  to 
test.  He  said  this  exposure  was  unsatisfactory  because  it  waa 
too  long  for  one  thought  of  the  sjllable  aud  not  long  enough 
for  two.  Should  the  hypothesis  implied  prove  correct,  there 
Blight  be  .several  exposures  of  a  certain  periodicity  that  would 
appear  agreeable,  though  it  does  not  seem  probable  that  a 
second  or  third  look  would  enable  the  subject  to  make  better 
records  than  be  would  make  with  the  same  cumber  of  purely 
mental  repetitions. 

In  the  second  set  of  experiments  the  exposure  is  kept  con- 
stant at  82a',  but  the  interval  from  the  beginning  of  one  syllable 


EFFECT  OF  CBANGES  IX   TIMB  VAKIABLBS. 


225 


to  the  bcginniug  of  the  next  is  varied.  The  vacant  inter\'al 
from  the  eod  of  oue  exposure  to  the  begincini;  of  the  next  is, 
of  cour^.  obtained  by  sublrncting  83<r  froni  the  total  interval 
in  each  case.  The  tnetbod  and  programtne  of  work  is  similar 
to  that  of  the  precedini;  experiment.  There  are  48  record;)  for 
each  average,  or  a  total  of  431.  The  snhjccts  were  rc<iacstcd 
not  to  repeat  the  syllables  more  than  once,  which  they  did 
silently  at  the  time  of  expOMtire.  and  to  make  an  effort  to  keep 
the  mental  processes  parallel  with  the  external  scries  givcu  by 
tbe  apparatiiii,  so  that  the  reHnlls  obtained  might  not  be  due  to 
consciotis  utilization  of  the  longer  intervals  for  extra  repeti- 
tious. It  was  with  the  variable  here  considered  that  the 
experiments  uf  Supi.  Sanders  dealt,  though  with  different 
materials  and  methods.  Below  is  a  tabic  of  tbe  average  num- 
ber of  errors  per  series. 

Taiilii  rv. 


Total  iatetmli. 

384* 

7ti8« 

>586» 

W.  W.  C. 
J.  R.  P. 

V.  M. 

1 1.6  ±  .^^ 

9-3  ±    14 
10.    ±  .as 

10.4  ±   .19 
8.7  ±   .14 
7-6  ±  .19 

10. I  ±  .34 

6-5  ±  n 

5-9  ±   -'3 

Average.           to.  3 

8.9 

7-5 

The  effect  of  increasing  the  intervals  is  greatly  to  decrease 
the  number  of  errors.  The  short  interval  is  nearly  the  mini- 
mum for  i>cr!nns  without  special  training,  but  the  indications 
are  that  an  internal  longer  than  any  employed  would  have  still 
further  reduced  the  errors. 

Id  the  third  set  of  experiments  the  rest,  or  interval,  between 
the  end  of  one  reading  and  tlie  beginning  of  the  next  reading 
of  the  Mries  as  a  whole,  is  the  object  of  investigation.  A  pro- 
cedure corresponding  with  that  of  the  preceding  experimenti 
Is  employed,  As  before,  the  table  gives  the  average  number 
of  errors  per  series,  of  which  there  were  48  for  each  average, 
or  a  total  of  433,  The  exposure  was  Sicr,  and  the  interval 
irom  the  beginning  of  one  syllabic  to  the  beginning  of  tbe 
next  was  5560.  The  subjects  were  asked  to  avoid  recalling 
tbe  syllables  in  tbe  re.st  period;  and  two  of  them  employed 
devices  tike  whistling  or  humming  tones  to  enable  them  better 
^^  to  conform  to  the  requirement. 
^K  It  is  clear  that  the  duration  of  the  rest  between  readings  can, 

^H  also,  greatly  affect  the  results.  The  length  either  of  the  inter* 
^H  vals  between  syllables  or  of  the  rests  between  readings  need 
^:  therefore  to  be  regulated  carefully  in  memory  experimentation. 

■  Both  longer  intervals  between  syllables  and  longer  rests  be- 


3»6 


RttRGSTRdM  ; 
Tabi^  v. 


Rests. 

O 

30 

60  secoDds. 

JI.  A.C. 
W.  T.  S. 

9J  ±  -M 
9  5  ±    a? 

8-7  ±  .19 
7-6  ±  -oi 
6.9  ±  .37 

7-4  ±  -^i 

6.7  ±  .03 

5.8  ±  .17 

Avetage. 

9  4 

7-73 

6.63 

tween  leadings  tucrease  the  average  time  lietween  the  recep- 
tion of  the  impression  and  the  effort  to  reproduce  it.  Other 
things  beiug  equa],  we  should  expect  this  to  csuse  an  increase 
and  not  a  decrease  in  the  number  of  errors  with  the  longer 
intervals  and  rests,  since  we  are  disposed  to  assume  that  a 
nervous  impression  begins  to  fade  away  soon  after  it  is  received, 
in  case  it  is  left  to  itself  and  not  further  elaborated  and  con- 
nected by  attention,  which  accords  with  many  facts  both  of  the 
laboratory  and  of  common  experience.  If  this  assumption  is 
tnie.  then  the  advantage  of  the  longer  intervals  and  rests  vc-ould 
consist  not  of  greater  strength  from  the  independent  develop- 
ment of  the  impression,  but  of  greater  strength  cither  from 
clearer  first  impressions,  or  from  more  ade<]iiate  association,  or 
from  the  de%'elopment  of  tendencies  to  recall,  or  perhaps  from 
still  other  factors,  less  known,  but  like  these,  favored  by  a 
longer  time.  While  it  would  still  be  necessary  to  recognize 
these  factors  if  this  assumption  were  not  true,  since  they  have 
andonbted  value;  yet,  if  the  assumption  is  not  true,  an  hy- 
pothesis with  regard  to  the  efiect  of  the  passage  of  time  upon 
att  impression  could  be  framed  that  might  be  a  partial  explana- 
tion of  the  results.  If,  for  example,  the  contrary  hypothesis 
were  plausible,  namely,  that  an  association,  like  an  organ  of 
the  body  in  its  development,  grew  stronger  the  older  it  became, 
then  a  longer  average  time  between  impression  and  reprodnc- 
tion  would  be  of  advantage. 

Whether  this  hy[X)lliesis  is  involved  in  Jost's  law  is  nncer- 
tsin,  since  he  emphasizes  especially  the  matter  of  repetition, 
and  would  explain  the  value  of  rests  lietween  readings  by  the 
theory  that  the  repetition  of  older  has  a  greater  value  relatively 
than  the  repetition  of  younger  assodations.  Such  a  specific 
value  might,  of  course,  be  due  to  continued  growth  of  strength 
of  the  association  with  time  or  to  a  greater  efficacy  of  the  act 
of  repetition  itself  in  the  case  of  older  associations.  The  latter 
alternative  is  more  strongly  Implied  by  Jost's  phraseology.  If 
such  a  peculiar  process  should  actually  exist,  it  is  likely  that 
it  would  be  due  to  a  special  development  in  menul  e%-olutioa. 
Its  general  effect  would  be  partly  to  counteract  the  dlsadvan- 
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tsge  of  forgetting  in  the  case  of  the  associations  which  experi- 
ence required  us  to  renew.  This  lujgbt  posisibly  be  of  sufficient 
practical  importance  to  malcc  the  process  subject  to  natural 
selection.  However,  several  other  factors,  whose  efficiency  is 
undoubted,  need  to  be  taken  into  account ;  and  such  an  hy- 
potbesis  should  uot  be  resorted  to  till  these  are  exhausted. 

Of  all  the  errors  nwde  by  the  subjects  in  the  tests  for  the 
effect  of  different  exposures.  70%  were  omissions,  a6%  were 
insertions,  and  4%  were  inbtalces  of  order.  Those  per  cents 
V9r>'  considerably  with  the  different  i>crsons  but  the  distriba* 
tion  of  errors  for  each  one  with  the  difiercnt  exposures  is  about 
the  Name. 

With  varying  intervals  between  syllables,  the  per  ctots  of 
the  different  kinds  of  eirors  are  79.66, 17.33,  and  3;  and  we  note 
here.  too.  wide  individual  differences.  But  there  is,  in  addi- 
tion, an  iniportaiil  difference  in  the  distribution  of  errors  with 
the  different  rates,  as  will  be  seen  in  the  following  table. 


Ta.h.1  VI. 

iBtmral*. 

Omi»sioni. 

Ins«rtioiia. 

Hittakea  of  order. 

384. 

1536* 

39.8 

33-5 

36 .6 

36.1 
3I'7 

11 -I 

y>-3 

4S.6 

The  dtstrlbuliouof  the  mistakes  of  order,  which,  however, 
src  only  3%  of  the  whole  and  so  do  not  greatly  affect  the  gen- 
eral average,  varies  inversely  as  that  of  the  omissions.  This 
is  true  of  all  three  subjects.  The  distribution  of  the  insertions 
is  not  so  deBnitc. 

It  appears,  then,  that  the  longer  iuter\-als  serve  especially  to 
enable  the  subject  to  fix  ia  mind  u  Urgcr  number  of  syllables 
but  that  the  place  and  connection  of  tbc  syllables  grows  less 
distinct  with  the  longer  intervals.  We  should  not  have  such  a 
result  if  Jose's  law  were  true  of  all  kinds  of  associations,  incltid- 
ing  those  determining  the  order;  and  another  liypothcsis  would 
fit  the  facts  of  the  above  experiment  better,  namely,  that  the 
longer  intervals,  through  keener  attention  and  longer  time  for 
ueociatiou,  permit  a  better  associative  apprehension  of  the 
syllables.  Even  if  definite  mnemonic  words  arc  not  suggested, 
bits  of  words,  fumiliar  letter  sequences,  or  other  forms  of  more 
or  less  conscious  incorjwration  wiiU  exi.sting  neural  paths  may 
be  brought  into  action  if  there  is  time  enough.  If  this  hypothe- 
sis is  true,  the  explanation  of  the  value  of  the  intervals  with 
the  nonsense  syllables  would  be  similar  to  that  given  for  asso- 
ciable  and  particularly  dyssociable  words. 
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In  thccxpcHinciits  with  rests  between  readings  the  distri- 
bution of  errors  is,  omisaions  79-3%,  insertions  17%.  and  riiit* 
tsikesof  order  3.7%.  The  two  suhjccls  (W.  T.  S.  and  M.  S.) 
who  sbotv  the  most  marked  effects  from  lengtheuinK  rests  sliow 
also  ati  inverse  relation  1>etwe«n  otnisskins  and  iniwrtions,  coire- 
Kponding:  in  degree  with  that  noted  above.  The  third  subject 
(M.  A.  C  )  had  only  one  per  cent,  of  mistakes  of  order.  His 
method  of  memorizing  wemcd  to  be  to  form  a  visnal  image  of 
the  whole  series  and  be  appears  to  have  forgotten  both  the 
syllables  and  tbeir  order  at  atjotit  the  miiik  rate. 

VI. 

The  relation  of  these  experiments  to  those  of  others  has 
alrcad)-  been  considered  in  Sections  II  and  III.  as  farasappara- 
tus  and  technique  are  concerned;  but  there  rcmninK  the  ta.sk  of 
discussing  briefly  also  the  place  of  the  problems  and  results. 
Tbepossibility  of  such  investigations  is  suggested  in  the  orderly 

!iroc>rdur«  employed  by  HbbinKiiAUt;  moreover,  he  made  the 
bllowing  observations,  which  have  been  the  starting  point  for 
several  other  investigations  in  this  field.  In  a  series  of  experi- 
ments he  learned  11  syllable  series  on  one  day  and  then  re- 
learned  the  same  series  ou  the  three  succeeding  days.  The 
Bvcrage  number  of  readings  required  for  an  errorless  repetition 
was  [7.5  the  first  day;  12,  the  second;  8.5.  the  third:  and  5. 
the  fourth.  In  another  expeiimcnt  be  continued  reading  and 
repeating  1 2  syllabic  scries  longer  than  was  necessary  for  the 
finrt  errorles-i.  repetition,  in  fact  till  he  reached  u  number  nbout 
four  times  as  great,  that  is.  a  total  of  68.  On  releamiuR  the 
series  after  24  hours,  be  found  that  be,  nevertheless,  needed  7 
readings.  On  comparing  the  two  facts  it  is  found  that  the 
final  releaniing  io  the  first  case  was  preceded  by  38  readings 
and  repetitions,  di.itributed  over  three  days;  in  the  second,  by 
68  taken  all  on  the  day  before.  This  appears  to  be  the  first 
otxserratiou  ou  the  value  of  rests  between  readings  of  series  of 
syllables. 

On  the  value  of  intervals  between  syllables,  the  first  obser- 
vation published  seems  10  be  that  by  Mi.>w  T.  L.  Smith  in  her 
study  of  "Muscular  Memory."  though  perhaps  iatcr\'als  be- 
tween readings  as  well  as  syllables  are  included.  In  these  ex- 
periments ten  syllable  series  were  exposed  to  view  for  twenty 
seconds  for  the  subject  to  study,  immediately  after  which  he 
was  given  70  seconds  to  record  what  he  could  recollect.  The 
subjects  were  at  lilierty  to  read  at  whatever  rate  they  pleased 
and  they  selected  quite  different  rates,  one  reading  the  series 
through  once  or  twice,  another  four  or  five  times,  the  rest  being 
between  these  extremes.  The  subjects  that  read  most  slowly 
were  found  to  have  made  the  best  records.     This  might  be  due 
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to  |>er»onnl  ilifTcrtfiicvs  in  retenliveness,  thiiu}{li  there  ts  consid- 
erable probability  that  the  difference  in  ratecontributed  largely 
to  the  result. 

With  regard  to  the  cSect  of  variations  in  the  exposttre  of 
syllables,  the  apparatus  so  far  employed  by  others  bas  not  per- 
mitted accurate  experimentation.  »ince  changes  in  expusure 
have  also  involved  some  other  variables  as  well. 

On  other  aspects  of  the  problem  considerable  material  lias 
accnmulated.  Attempts  have  especially  been  made  to  study 
the  related  question  of  economy  in  memoriKing.  Thus,  Eb- 
biiiKhuus  reports  cx)>eriment)i  in  which  he  memoiixed  stanua 
of  Schiller's  translation  of  the  iEneid  at  the  rate  of  300,  150, 
t2o,  and  100  iambics  per  minute,  and  found  he  learned  the 
rnrnc  number  of  line^  in  138,  148.  160  and  tSo  seconds,  re- 
spectively, which  shows  that  the  amount  of  time  required  was 
inversely  ns  the  .tpecd.  On  rclearning  these  lines,  presumably 
at  a  siogk  rale,  twenty-four  hoursiatcr,  he  found  that  90,  89, 96, 
and  99  seconds  were  required,  which  shows  with  regard  to  the 
permanence  a  slight  difference  in  favor  of  the  more  rapid  rates. 
The  question  of  economy  would,  of  course,  also  require  the 
ootisideratiou  of  the  degree  of  exhaustion  produced  by  the  dif- 
ferent rates ;  and  from  this  point  of  view  the  more  rapid  rates 
might  uot  be  preferable.  It  will  lie  ob.->erved  that  a  greater 
number  of  rcpclitions  is  required  with  the  rapid  than  with  the 
slow  rates  to  accomplish  the  same  result.  Wherefore  we  may 
infer  a  general  correspondence  with  the  results  rcjwrted  in  this 
pai>er.  since  repetitions  at  a  slower  rate  have  greater  value. 
However,  there  may  Ix:  a  still  more  intimate  correspondence 
with  the  results  for  the  acquisition  of  easily  associable  material 
discussed  in  Section  IV.  The  intervals  from  the  beginning  of 
one  to  the  beginning  of  the  next  iambic  were  .3.  .4,  -5,  and  .6 
seconds  respectively  for  the  different  rates.  The  number  of 
rei>etitions  of  the  hnes  at  the  respective  rates  is  therefore  pro- 
portionate to  4,6,  37,  52,  and  5a  If  we  assume  that,  when 
the  lines  are  learned,  that  they  are  learned  to  the  same  extent 
with  each  rate,  then  the  associative  value  that  must  be  assigned 
to  each  interval  is  nearly  proportional  to  the  logarithm  of  the 
interval,  the  prwUicts  of  the  numl>er  of  leiwtition^  and  the 
logarithms  of  the  iulcrvaU  being  proportional  to  319.  334.  334. 
aud  233.  This  fact  sukk^^'s  a  ctirrcsgi^ndence  with  the  law 
slated  in  Section  IV,  that  the  rate  of  acquisition  varies  as  the 
logarithm  of  the  intervals  between  the  items  of  easily  associable 
tnatcritl.  and  thus  extends  lu  apptkation  to  other  material  and 
at  the  same  time  makes  it  somewhat  probable  that  it  is  true 
not  simply  tor  one  single  repetition,  as  in  the  ex|>eriments  of 
Table  IV,  but  also  of  a  considerable  number  of  repetitions,  as 
in  these  experiments  of  Hbbiughaus. 
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The  experiments  of  Jost  deal  with  the  value  of  the  distribo- 
tionii  of  reiiilings  and  repetitions  In  memoTi7.inj{.  the  problem 
proposed  by  the  early  obscr\*ations  of  Ebbingbaus,  which  Jost's 
results  in  part  serve  to  coufirm  and  in  part  to  extend.  He 
makes  use  of  two  methods,  at  first  the  complete  memoristog, 
then  the  right  associates  method,  and  finally  the  two  in  con- 
junction, thiu  obtaining  records  wh<Kse  difference  makes  the 
point  of  cbief  interest  in  the  paper.  By  the  complete  memo- 
rizing method  he  finds  with  In-o  subjects  that  tea  readings  of 
Donseose  8>-llable  series  on  each  of  three  successive  days  inake» 
the  memorizing  of  the  series  on  the  fourth  day  easier  than  do 
thirty  readings  on  the  day  immeiljalcly  preceding,  though  the 
difference  is  small.  By  the  right  associates  method  he  finds 
with  two  subjects,  when  tweuty-four  repetitions  are  distributed 
equally  on  3, 6nnd  i3  days  resi^ectively.  that  the  most  extended 
distribution,  that  of  two  repetitions  a  day,  gives  the  best  re- 
sults. He  formulates  ami  would  explain  ht^  own  rciulls,  and 
the  conrsponding  results  of  Ebbingbaus  as  well,  by  the  law 
that  the  repetition  of  an  old  has  relatively  a  greater  effect  thatt 
the  repetition  of  a  young  asiiociation.  The  possibility  of  ap- 
plying Jost's  formula  in  the  case  of  our  results  has  already 
bwn  considered  in  section  V. 

With  the  complete  memorizing  method  in  the  study  of  theM 
and  many  other  problems  a  repetition  of  old  a.'.sociations  is  in- 
volved in  the  final  test,  which  is  not  the  case  with  the  method 
of  right  associates,  for  here  the  subject  is  merely  called  upon  to 
reproduce  associates.  If  both  methods  are  employed  togetlier 
to  test  uieuioiy  for  series  learned  a  longer  or  shorter  time  ago, 
the  complete  memorizing  ^^l0tlld,  according  to  the  Uw,  give 
FClativcly  better  records  with  the  older  series,  an  hypothesis 
which  experimctital  results  from  two  subjects  verify.  The  dif- 
ference in  the  results  by  the  two  methods  conld  be  explained 
by  Jost's  law,  but  also  by  the  hypothesis  that  it  was  due,  not 
to  the  greater  value  of  repetitions  of  old  associations,  but  rather 
to  a  more  rapid  decrease  of  the  voluntary  revivabiUty  of  the 
syllables,  which  is  the  thiug  tested  by  the  method  of  right  as- 
sociates, than  of  retentiveness.  It  is  a  matter  of  common  ex- 
perience that  the  ability  to  revive,  or  recall,  disappears  quickly 
and  long  before  other  evidences  of  some  degree  of  retention, 
such  as  the  ability  to  recognize  the  object  if  it  is  brought  up  in 
someolher  way;  and  Miiller  and  Pil^ecker  have  shown  that, 
when  the  same  number  of  right  assucintes  are  recalled  in  the 
case  of  older  and  more  recently  learned  series,  a  longer  time  is 
required  with  the  older,  indicating  greater  difficulty.  One 
other  thing  should  bcnotcd.  Jost  deals  only  with  rests  between 
readings  of  series;  but  the  effect  of  longer  intervals  between 
syllables  seems  to  be  the  same  as  that  of  longer  rests.     If  the 
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efl«ct  is  due  to  tbe  greater  claboralioo  of  the  same  proctss  in 
both  cases,  which  »  twt  certain,  but  seems  probable,  tiien  we 
have  in  cxiwriments  of  Section  IV  such  favorable  results  as 
Jost  believed  to  be  due  to  the  repetition  of  old  associations  in 
a  case  which  Involves  no  repetition  of  oM  associations,  but 
merely  a  longer  time  for  assimilation. 

The  part  of  the  work  of  I^ttie  SteSeiis  which  especially  con- 
cerns otir  problems  consists  of  some  cxperimeutson  the  effect 
of  diScreut  distributions  of  six  readiufis  within  the  same  period 
of  time.  The  series  were  tend  from  a  drum,  which  revolved 
13  times  in  7S  seconds.  The  most  expanded  distribution  of 
the  series  was  obtained  by  reading  them  every  other  revolution 
of  the  drum  ;  the  next  grade,  by  having  three  readings,  then 
an  interval  of  three  revolutions,  then  three  readings  and  again 
an  interval  of  three  revolutions;  the  last  grade,  by  having  all 
six  readings  at  first,  then  an  inteirat  of  six  revolutions.  It 
vill  be  observed  that  the  readings,  except  in  the  first  case,  are 
more  or  Itr^s  massed,  which  leads  Miss  StefTens  to  introduce  the 
following  explanation  of  the  better  results  she  obtains  with 
the  more  widely  distributed  order.  In  pioportion  as  the  read- 
ings are  massed,  the  strength  of  the  associations  for  the  time 
being  is  greater ;  but  the  stronger  the  associations  the  greater 
is  the  ateolute  loss  of  strength  by  the  time  the  scries  in  the«e 
experiments  were  to  be  completely  memorixed.  Since,  accord- 
ing to  Eibbingbaiis.  the  loss  is  proportional  to  the  numt>er  of 
leadings,  the  resultant  of  massing  six  readings  at  the  begin- 
ning is  to  tnalce  the  foundation  for  the  complete  roemoriiing  of 
the  scries  not  so  strong  as  in  the  other  cases.  This  explana- 
tion would  apply  with  such  an  arrangement  of  readings  as  is 
employed  by  Miss  Steffens,  that  is,  with  the  massed  readings 
pt^ed  at  the  beginning  of  the  period  ;  but  it  would  not  apply 
when  the  massed  re«dinKS  arc  placed  at  tbe  end,  as  in  th«  coae 
of  the  experiments  of  Ebbingbaus  and  jost,  in  which,  never- 
theless, the  expanded  distribution  proved  more  advantageous. 
If,  on  the  other  hand,  the  loss  of  strength  were  relatively 
greater  to  a  sufScient  extent  with  the  massed  than  the  dis- 
tributed readings,  this  type  of  explanation  might  be  gener- 
ally valid ;  but  of  this  there  Is  no  certain  evidence,  since  in 
experiments  which  might  give  information  on  this  point  there 
is  always  the  very  probable  alternative,  as  an  explanation  of 
tbe  di£^rences  observed  in  favor  of  the  distributed  readings, 
that  the  later  numbers  of  msssed  readings  do  not  have  m  great 
a  value  as  the  earlier. 

Ogden  deals  directly  with  (he  problems  under  conaideralion. 
His  work  comprises  six  parts,  the  first  four  dealing  with  mem- 
orieing  nonsense  syllables,  tbe  last  two  with  memorizing 
poetry.     Tbe  apparatus  employed  was  similar  to  that  of  Mullet 
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*nd  Schtiniann,  the  syllable  tx^tng  prcscolcd  back  of  kd  aper> 
tore  by  a  kymograph  drum.  The  different  rates  were  obtained 
by  changing  the  ratenf  rotation  of  the dnitn  and  in  experiment* 
with  constant  intcn'als  between  readings,  partly  by  spacing  the 
syllables.  Observations  on  varying  exposure  and  rests  between 
readings  were  inconclusive,  as  other  variables  entered  in.  The 
chief  gronps  of  experiments  deal  with  the  effect  of  varying  the 
ioter\*aI  between  syllables.  In  the  first  gronp,  the  time  from 
syllable  to  eytlablc  varied  front  2,6  to  .9  seconds;  in  the  second, 
from  1.026  to  ,325,  each  in  five  socces-sive  steps.  The  expo- 
sure varied  iiimultaneouslyin  bothsels  from.  705  to. 3S9  seconds, 
the  rc5ts  between  readings  remaining  constant  at  2.8.  Of  these 
two  variable*,  that  which  alTects  the  result  the  most  is  proba- 
bly the  rale  of  succession.  To  ascertain  the  eSect  of  the  dif- 
ferent rates  upon  the  permanence  ol  the  impressions  as  well  as 
upon  learning  in  the  first  instance,  the  series  were  rclcamed, 
usually  after  fourteen  days;  a  difference  ia  this  respect  was, 
however,  not  clearly  demonstrable.  The  most  general  result 
is  that  with  the  quicker  rates  iDore  readings  are  required  but 
not  so  many  but  that  the  series  may  be  learned  io  less  time 
than  with  the  slower.  Thu«  subject  K  required  from  12  to  20 
and  from  7  to  15  readings,  respectively,  in  two  experiments  in 
which  the  intervals  varied  from  2.6  to  .9:  and  from  13  to  33, 
respectively,  when  the  rate  varied  from  1.026  to  .325.  How- 
ever, the  total  time  required  vhortenett  from  394  to  263  and 
from  222  to  200  and  from  214,  to  213. 

EphTus.M*s  investigation!!  fall  into  two  divisions,  the  first 
dealing  with  learning  by  whole  or  part,  the  second  with  the 
effect  of  variation  in  the  rale  of  memorizing.  Ebbinghaus'  ex- 
periments upon  the  effect  of  varying  the  rate  of  learning  vcraes 
of  Schiller's  translation  of  the  jEueid  is  repeated  with  three 
subjects  and  with  results  that  agree  roughly  with  his.  How- 
ever,  the  most  interesting  fact  brought  out  by  Hpbrus^'s 
work  is  what  he  calls  the  paradoxical  result,  namdy,  that  the 
right  us.sociate»  metho<l  givr.s  the  best  record.t  witli  the  slowest 
rate,  while  the  complete  memorizini;  method  docs  the  reverse, 
in  tests  with  nonsen.se  syllable.s.  Series  of  syllables  were  read 
at  different  rate;:  for  a  given  period,  at  the  end  of  which  KOme 
were  memorized  and  some  were  tested  by  the  method  of  right 
a.ssociates.  It  is  in  this  experiment  that  the  paradoxical  re- 
sult appears,  for  the  scries  are  memorized  more  easily  but  give 
less  right  associates  after  the  rapid  readings.  The  chief  reason 
assigned  is  one  he  verifies  experimentally,  namely,  that  the  de* 
crease  of  the  number  of  right  associates  takes  place  more 
quickly  after  the  rapid  than  the  slow  readings.  The  complete 
memorixJng  is  done  by  continuing  the  reading:s  of  the  prepara- 
tory  period,  while  an  interval  of  five  minutes  occurs  before  the 
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test  for  the  right  avsociiites.  which  would  permit  the  more 
rapid  reduction  succeeding  the  quicker  rate  lo  produce  the 
paradoxical  result.  The  ditFerence  in  results  with  these  two 
methods  by  both  Kphrussi  and  Jo6t  gives  a  glimpse  of  a  greater 
complexity  and  independence  of  processes  than  might  nt  tirst 
be  supptised  to  exist. 

Ephrussi  employed  the  kyoiOKrapb  apparatus  of  Miiller  and 
Schumann,  but  in  the  more  recent  experiments  of  Rcutherat 
Lcipi:ig  s  new  type  of  apparatus,  that  developed  l>y  Randsburg 
and  Wirth  is  brought  into  use.  As  was  stated  in  the  discussion 
of  apparatus,  the  syllable  is  presented  in  thi.s  not  by  a  continu- 
ous but  by  a  step-wise  motion  of  the  disc  or  drum,  resembling 
tbitt  used  in  onr  experiments,  except  that  it  does  not  have 
means  for  the  independent  variation  of  the  exposure  and  the 
rests  between  readings.  Thus,  in  his  experiments  upon  "  the 
amount  retained  us  A  function  of  the  durnlion  of  exposure," 
he  does  not  refer  to  a  study  of  the  effect  of  varying  the  ex|y>- 
sure  of  a  syllable  white  the  interval  lietween  syllables  remains 
constant,  as  in  our  experiments.  This  experiment  of  his  cor- 
responds rather  with  our  experiment  upon  the  cScct  of  differ- 
ent intervals  between  syllables.  For  hi.t  items  are  written  on 
every  other  sector  of  the  Wirth  apparatus,  which  moves  for- 
ward uniformly  a  sector  »t  a  time.  By  exposure  he  means  the 
time  a  sector  bearing  a  number  is  present  back  of  the  aper- 
ture. This  Is  followed  by  an  empty  sector,  which  remains  the 
same  length  of  time,  to  be  in  turn  succeeded  by  another  num- 
ber, his  " ExpotilioHidatier"  being  thus  equivalent  to  one-half 
of  the  interval  between  the  numbers.  He  thus  has  two  vari- 
ables, of  which  the  total  intcrvnl  between  the  numbers  i.-*  doubt- 
lens  the  mnzv  important.  Hi.t  experiment  does  not  wholly 
correspond  with  ours,  since  in  ours  the  exposure  is  kept  con- 
stant. The  total  intervals  employed  by  Reulher  were  from  one- 
half  to  three  seconds  in  length,  with  five  intermediates  between 
the  extremes.  Two  of  his  three  subjects  show  that  the  tetiglh- 
ening  of  the  interval  i.t  advantagtrou^:  with  the  third,  the 
cficct  is  not  so  dcJinite  as  he  has  at  first  better  then  poorer 
records,  with  the  optimum  at  one  second. 

The  memory  material  and  the  methods  must  be  kept  in 
mind  in  comparing  these  results  with  Others.  The  items  were 
lour  place  numbers,  which  were  read  one  or  more  limes  and 
then  shown  to  the  subject  again  with  the  requirement  that  he 
should  indicate  which  ones  he  recognized  as  having  seen  l)cf<)re. 
The  inler\-als  between  reading  and  opportunity  for  recognitioo 
was  in  this  case  five  minutes. 
I  With  similar  materials  and  methods.  Reuther  also  made  ex- 

I  pcrimcnts  with  two  subjects  upon   the   rest   period   between 

I  readings,  which  corresponds  with  the  last  of  our  experiments. 
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The  re^ts be  employed  were  4  seconds  and  t,  2,  ands  minutes. 
Thcie  is  ftsllffht  jndioitioi)  that  there  is  a  critical  period  up  to 
which  Ihe  rests  are  increasingly  beneficial  and  beyond  wbicb 
this  advantage  diminishes.  Such  a  critical  point  has  not  been 
observed  in  other  experiments,  though  rests  have  been  made 
very  long,  as  in  the  case  of  Jost's  experiment  in  wbicb  24  read- 
incs  were  distributed  over  t3  day.^  and  the  widest  diMrlbution, 
that  of  two  a  day,  found  to  be  the  best. 

Even  with  Ibe  amplification  introduced  by  experimental 
conditions,  the  problem  is  evidently  complex;  and  it  Ls  desira- 
ble, as  far  as  we  can  do  50,  to  attempt  to  ascertain  the  relative 
Bcopc  of  the  different  factors  involved.  As  to  what  tbey  arc.  as 
the  hiNtorical  surs-ey  show»,  several  theories  have  l>een  pro- 
posed, usually  to  account  for  certain  experimental  resnlts.  and 
so  often  not  adequate  for  all.  If  true,  they  cannot  all  be  com- 
plete but  will  rather  be  supplementary.  The  different  factors 
suggested  by  these  theories  and  by  other  possible  explsnatioos 
may  be  classified  into  four  groups;  first,  conditions  aiding  or 
obstructing  the  reception  and  association  of  the  impression; 
which  we  will  call  the  apperceptive  factor;  second,  changes  and 
relative  variations  in  retention;  third,  modifications  iu  the  re- 
calling of  impressions;  fourth,  general  conditions,  such  as 
fatigue  or  a  general  organizing  actiWty. 

As  has  been  stated  with  some  detail  in  Sections  IV  and  V,  it 
is  the  first  of  these  factors,  the  apperceptive,  that  seems  espe- 
cially concerned  in  the  production  of  the  results  here  represented. 
The  material  which  consihted  of  simple  letters,  nonsense  sylla- 
bles, dissociable  and  associable  words,  makes  a  series  of  in- 
creasing apperceptive  complexity.  The  relative  ease  with 
which  these  can  be  memorized  and  the  effect  of  the  varying 
inter%-als  .seems  to  be  proportional  to  the  amount  of  appercep- 
tive apprehension  of  the  material  and  its  connections.  Even  in 
the  case  of  the  letters  and  nonsense  syllables,  some  evidence 
was  given  that  the  advantage  of  longer  intervals  was  due  to 
associative  processes.  While  general  vigor  and  fatigue  may 
make  the  neural  disposition  more  or  less  strong,  they  certainly 
in  large  port  bring  about  the  results  they  do  ha%-e  by  extending 
or  restricting  apperceptive  processes.  The  persistence  of  an 
impression,  or  its  tendency  to  maintain  itself  in  consciousness 
for  a  time,  is  also  a  more  or  less  automatic  activity  that  must 
i>e  taken  into  account,  as  must  also  the  supplementary  volun- 
tary attention  to  the  impression.  One  effect  of  both  of  these 
processes  is  to  vary  the  degree  of  apperception.  Whether 
there  is  any  further  effect,  as  far  as  memory  is  concerned,  can 
probably  neither  be  asserted  nor  denied,  at  present. 
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Tbat  markc<l  changes  in  the  retention  of  an  impKStiOB  occur 
as  the  interval  between  its  reception  and  reprodoctioo  iocreaaes, 
Is  well  known,  the  most  general  feature  being  represented  by 
Ebbingbaus  law  of  inverse  logarithmic  decrease  of  strength. 
As  has  already  been  stated.  Jost,  Steffena.  and  Ephrussi  would 
explain  some  results  in  this  field  by  making  certain  hypotheses 
as  to  changes  in  retention.  Some  objections  to  the  applicatioo 
of  Jost's  law  to  our  results  have  already  been  Mated;  but  it 
may  very  well  be  required  tbat  the  explanation  preferred  should 
be  tested  by  his  results  upon  the  effect  of  differeut  diatribn- 
t  ion  5  of  readings,  sswcll  as  by  our  own.  The  same  maybe 
said  of  (he  theory  of  Siefiens.  The  underlying  premise  of  both 
these  explanations,  that  readings  or  repetitions,  whatever  iheir 
number,  up  to  a  (.-ertain  limit,  which  in  their  experiments  need 
not  exceed  the  number  necessary  for  the  6rst  perfect  repetiiiou, 
have  an  equal,  or  nearly  equal,  value,  is,  as  far  as  they  have 
been  tested,  the  least  certain  of  the  origiual  results  of  £bbiag- 
taaus.  Hach  reading  may,  in  fact,  have  a  decidedly  greater 
value,  if  it  is  well  spaced  o?  from  others,  than  if  it  is  one  of  a 
considerable  number  made  in  immediate  succession,  primarily 
because  a  higher  degree  of  assimilation  could  take  place  each 
time.  The  interpretation  of  the  results  presented  in  this  paper 
would  imply  that  this  is  the  fact. 

On  the  other  hand,  thnt  changes  in  retention  or  recall  are 
the  cause  of  the  differences  in  the  results  obtained  by  Jost  and 
Ephrussi  in  the  simultaneous  use  of  the  complete  memorizing 
and  right  associates  mctho<ls  described  in  Section  IV  seems 
probable.  At  least,  these  differences  develop  with  the  length- 
ening of  the  time  between  the  impression  and  its  reproduction; 
and  in  the  case  of  the  results  of  Jost,  if  his  hypothesis  of  the 
relatively  greater  value  of  the  repetition  of  old  than  young 
•iMXiatloss  be  regarded  as  improbable,  the  effect  sbotild  per- 
bapa  rather  be  ascribed,  as  was  suggested,  to  a  modificstion  of 
reproduction  than  retention.  With  regard  to  the  observation 
of  Ephrussi  that  the  right  associates  decreased  more  rapidly 
with  time  if  the  series  were  read  at  a  rapid  rate,  a  plausible 
explanaiiou  would  connect  this  also  with  changes  in  retention 
or  recall,  namely,  that  a  qualitative  difference  was  produced 
by  slow  and  fast  rates,  so  thnt  in  the  first  case  there  was  more 
of  an  incorporation  with  old  and  permanent  associations  while 
in  the  second  it  was  more  a  matter  of  immediate  sense  memory, 
which  would  disappear  much  more  rapidly.  While  the  resoltt 
observed  would  be  primarily  due  to  differences  in  the  degree  of 
apperception,  the  immediate  cause  wonld  be  the  relative  differ- 
ence in  the  retention,  or  rate  of  forgetting.  However,  what 
the  effects  of  different  rates  upon  retention  may  be,  is  not 
wholly  clear,  for  the  few  results  of  other  investigators  are  not 
coQcliuiive  regarding  this  point. 


BBROSTROU  : 


The  influence  of  possible  inodiRcations  in  the  process  of  re- 
call haveapi^arently  not  t>e«ii  con^dered  iti  thevnrious  theories 
regarding  the  cfTccl  of  rate  in  memorizing.  As  has  liecn  sug- 
gested, such  a  modification  may  account  for  certain  results. 

In  »illl  (mother  way  the  leprudiicing  processes  tnuy  play  ft 
part.  Miss  Smith  has  shown  that  repressing  or  executing  the 
verbal  or  manual  expression  of  the  tdeax  to  be  memorized  will 
produce  a  diScrencc  of  15  to  30%  in  favor  of  the  expression. 
This  expression,  which  may  be  regarded  as  the  first  recall  or 
reproduction,  comes  lust  in  reading ;  and  may.  with  rapid  rates, 
be  partly  repressed,  leaving  the  reprodadng  tcndeucies  unde- 
veloped and  having  an  efiect  comparable  with  that  found  by 
Miss  Smith  with  vohinlsry  repression.  Definite  observntioos 
as  10  the  influence  of  this  factor  have  not  beeu  made,  and  it  is 
proposed  merely  as  one  possibly  present  in  varying  degrees  with 
the  rapid  rates,  and  serving  not  merely  to  create  a  dtsposttion 
to  recall,  but  also  to  keep  the  idea  pre.<ieat  for  more  complete 
apperception. 

With  regard  to  the  theory  of  the  existence  of  a  more  or  less 
naconadous  organising  process  continuing  some  time  after  the 
Impression  has  been  received  and  necessary  for  its  permanence 
and  rcvivability,  our  results  afford  some  evidence.  Our  sub- 
jects were  requested  to  rend  the  syllables  when  presented,  bat 
to  avoid  voluntarily  recalling  them,  however  much  time  might 
be  at  their  disposal  for  so  doing.  In  experiments  of  Table  V 
two  subjects  employed  devices  to  distract  the  attention  during 
the  periods  of  rest.  The  fact  that  the  influence  of  longer  inter- 
A-als  and  rests  is,  nevertheless.  vcr>'  marked,  makes  it  somewhat 
probable  that  the  processes  involved,  except  in  their  inception, 
are  autninatic.  With  regard  to  their  continuance  and  <lci>cnd- 
ence  upon  attention,  we  must  note  that  the  rapid  displacement 
of  one  impression  by  the  next  interferes  greatly  with  memo- 
ridng;  the  organization  would,  therefore,  seem  to  take  place 
chiefly,  perhaps  wholly,  white  uotbing  else  in  the  shape  of  a 
definite  impres.-<ion  was  Iwfore  the  mind,  though  there  can  be 
general  distraction,  The  variation  of  the  results  throughont 
with  the  degree  of  possible  apperception  suggests  that  it  Ls  this 
mode  of  orgauization  that  is  taking  place.  The  mode  of  organ- 
ization might,  of  course,  be  of  a  wholly  diflferent  character, 
perhaps  not  associative  at  all,  but  lather  like  the  setting  d 
cement  or  the  adaptation  of  a  plant  to  a  certain  curvature, 
which  would  also  vary  with  the  time  allotted.  But,  however 
much  such  figures  may  be  uscil  in  regard  to  the  operations  of 
memory,  no  de&nite  evidence  has  yet  been  present«i  that  such 
processeii  lake  place. 

That  fatigue,  in  its  triple  character  of  auto-intoxication  and 
reduced  cell  energy  and  nervous  tension,  may  greatly  affect 
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memoriEinft  ability  is  oerlain  ;  and  it  has  probably  more  gea- 
erally  than  anything  else  been  supposed  to  be  the  explaiintion 
of  the  diffeicttcc  in  raltie  of  Ihe  mas!«ed  imd  widely  distributed 
readin|;:s.  It  i.-«  neces.-viTy  lo  di<!tingnitih  Irom  fattgtic  obstruc- 
tions resnllinj;  from  the  limits  of  the  memory  span,  from  the 
persistence  of  impretttions  nr  the  iiiicrfcrcncc  of  associations, 
or  from  adaptation,  or  from  other  nonnal  processes  of  the 
mind.  When  this  is  done,  the  explanatory  value  of  fatigue 
will  be  found  to  he  quite  limited.  In  these  experimeats  the 
eflects  of  general  fatigtic  were  counteracted,  as  far  as  the  aver- 
ages are  concerned,  by  the  profcrainme  of  work  ;  and  that  it 
shoald  seriously  enter  into  the  results  of  a  single  record,  does 
not  seem  probable,  especially  sitice  other  dearly  eflident  factors 
are  in  evidence. 

In  so  far  as  tht-sc  cxpcrirucnts  bring  us  into  a  closer  view  of 
the  getieral.  practical  pioblems  involved,  they  serve  especially 
to  enipha-sixe  the  predominant  importance  of  apperception  in 
memorizing  and  the  value  of  suHicieiit  lime  for  its  develc^ment. 

The  numlier  and  intensity,  and  ho  jwrmanence  and  revi%*a- 
bitity.  of  the  associations  formed  may  be  regarded  as  n  quan- 
tity; and  a  solution  of  the  problem  of  time  economy  in  mem- 
orising may  be  attempted  with  the  aid  of  the  foitaula  for  the 
rate  <^  acquisition,  proposed  in  Section  IV,  and  from  other 
data.  The  general  slntcment  of  Ihe  problem  will  be,  through 
what  means  can  the  Rrcatcst  amount  of  api>erceplion  of  mate- 
rial Uke  place  in  a  given  time;  though  only  the  effect  of  a 
greater  or  less  number  of  repetitions  will  be  considered.  The 
amoDOt  of  apperception  is  a  function  of  the  interval  between 
items  and  also  of  the  number  of  repetitions;  and  if  it  varied 
directly  and  equally  with  each,  there  would  be  compensation 
so  that  the  result  of  any  practicable  number  of  repetitions  iu  a 
given  time  would  be  the  same  as  that  of  any  other,  since  the 
intervals  and  repetitions  vary  inversely.  As  a  matter  of  fact. 
Bp])crceplion  appears  to  var)'  as  the  logarithm  of  the  interval; 
and.  if  we  assume  that  it  continues  to  vary  at  the  same  time  in 
simple  ratio  with  the  rei>etilioKs,  it  will  be  greater  in  amount 
the  more  numerous  the  repetitions,  within  certain  limitt.  If 
n,  ^,  {,  represent  the  number  of  repetitions  in  a  given  time,  t, 
2t,  3t  will  be  the  corresponding  intervals,  and  the  amounts  of 
apperception  will  be  proportionate  to  n  (log.  t).  {  (log.  2tJ. 
and  {  (log.  3t)  etc.,  quantities  which  decrease  rapidly  at  first 
then  more  slowly. 

It  is  cotteeivable  that  the  value  of  successful  rei^etitions 
would  so  change  as  to  C(>ro|>enKate  more  or  less  for  the  rela- 
tively greater  effect  of  the  shorter  intervals,  but  there  is  no  evi- 
dence that  this  occurs  completely,  bni  rather  evidence  to  the 
contnir>'.  as  has  been  indicated  in  the  review  of  the  investiga- 
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tions  dealing  with  this  problem;  so  that  on  the  whole  it  is  prob- 
ably possible  to  memorize  more  quickly  with  the  more  rapid 
repetitious. 

Nevertheless,  there  is  great  difference  in  the  relative  value 
of  repetitions  and  intervals  with  different  kinds  of  materials 
and  also  with  different  tyjics  oi  memory,  so  that  a  high  degree 
of  uniformity  in  this  res[>ect  cannot  \k  expected. 
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THE  INITIAL  TENDENCY  IN  IDEAL  REVIVAL. 


By  Pklix  Arnold,  Pn.  D. 


. 


The  question  concerning  the  directioa  in  which  tb«  tendency 
towards  reproduction  in  memory  realizes  itself,  has  received 
rather  scant  attention,  the  general  opinion  being  that  memory 
runs  in  s  forward  and  not  in  a  backward  direction.  This  idea 
of  serial  revival  \s.  moreover,  closely  connected  with  an  atom- 
istic cooception  of  consciousness,  which  conception  has  greatly 
influenced  discussion  and  experiment  in  this  conneciion.  Now 
the  atomistic  coooeption  of  conscionsncss,  th»t.  because  ideas 
are  revived  in  a  series,  therefore,  they  exist  serially  in  con- 
sciousness, has  greatly  influenced  the  various  [wints  of  ^-iew 
when  the  question  of  the  direction  of  revival  in  memory  hss 
been  in  question.  I  have  collected  a  number  of  data  with  the 
sole  purpose  of  determining  this  order  of  revival,  and  have 
attempted  to  infer  certain  conditions  which,  it  seems  to  me, 
must  exist,  if  the  kind  of  revival  occurring  is  to  be  explained. 
Before,  however,  presenting  my  small  conliibution  in  this  con- 
nection, I  have  thought  it  advisable  to  present  the  atomiMic 
views  so  ably  given  by  Hartley  and  Herbart  (two  mountain 
peaks  among  early  psychologists),  and  also  the  wore  modern 
work  done  by  Kbbinghaus.  Miillcr  and  Schnmaiin  and  Miillcr 
and  Pilzecker,  on  the  problem  of  the  'initiaie  /ieprmlutlionsten- 
dcnt.' 

I. 

Though  Hartley  may  be  considered  as  the  founder  of  Eng- 
lish assodationist  psychology,  aud  somewhat  'out  of  dale,'  stilt 
in  ccrtaiu  parts  of  his  remarkable  work,  he  offers  us  the  closest 
kind  of  psychological  analysis.  His  cerebral  explanations  are 
somewhat  old-fashioned  and  impossible  from  a  purely  physio- 
logical point  of  view,  and  one  who  reads  his  Observations  may 
tend  to  the  belief  that  the  psychological  analyses  are  equally 
infirm  and  old.  As  far  as  I  am  coacemed  with  Hartley  at 
present.  I  shall  only  give  his  reasons  for  the  existence  of  a 
forward  and  not  a  backward  revival  in  memory. 

As  every  one  knows.  Hartley  tries  to  explain  all  manner  of 
mental  connection,  development  and  growth,  by  association. 
Id  any  serial  revival  this  same  principle  Is  called  In  to  show 
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why  tbe  direction  is  always  forward,  the  explanatioa  being 
given  in  cerebral  terms.     Any  series  of  impressions 

A,  B,  C,     etc 

will  give  rise  to  the  succession  of  ideas. 

a.    h,    c,     etc 

OTtdin  the  same  order.  For,  "the  successive  impressions  oi  A 
and  B  sufficiently  repeated,  will  so  alter  the  medullary  sub- 
stance, as  that  when  A  is  impressed  alone,  its  latter  part  shall 
not  be  such  as  the  sole  impression  of  A  requires,  but  lean 
towards  B,  and  end  in  b  at  last.  But  B  wilt  not  excite  a  in  a 
retrograde  manner,  since,  by  supposition,  the  latter  part  oi  B 
was  not  modified  and  altered  by  A,  but  by  some  other  vibra- 
tion, such  as  C  or  D.  And  as  B,  by  being  followed  by  C,  may 
at  last  raise  c,  so  b,  when  raised  by  A,  in  the  method  here  pro- 
posed, may  be  also  sufficient  to  raise  r  ...  It  seems  also, 
that  the  influence  of  A  may,  in  some  degree,  reach  through  B 
to  C;  so  that  A  of  itself  may  have  some  effect  to  raise  c,  as  well 
as  by  means  of  b.  However,  it  is  evident  that  this  chain  roust 
break  off,  at  last,  in  long  successions,  and  that  sooner  or  later, 
according  to  the  number  and  vigor  of  the  repeated  impres- 
sions. ' '  ^  This  is  a  cerebral  explanation  of  forward  succession, 
and  has  in  it  the  implication  of  the  doctrine  of  relativity.  It 
also  presents  for  the  first  time  the  question  of  'mediate'  asso- 
ciation. 

A  similar  conclusion  concerning  the  direction  of  mental  re- 
vival is  reached  by  Herbart.     In  any  series  of  ideas, 

a,    b,    c,    d,     etc. 

as  a  is  followed  by  b  it  is  closer  to  b  than  to  c  which  forces  b 
below  the  threshold  of  consciousness,  as  *  forces  a  below.  And 
so  on  with  the  rest  of  the  series.  Graphically  represented, 
when  d  is  in  consciousness,  the  other  ideas  are  in  the  following 
position,  their  position  from  one  another  indicating  the  close- 
ness of  the  connection : 

d 

I 


I 


J 
/ 


^Observations  an  Man,  I,  fig. 
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When,  b>-  removnl  of  the  pressure  from  other  ideas,  or  because 
of  reinforcemeol,  a  has  once  more  a  chance  to  emerge,  it  does 
so  in  the  manner  represented  below,  dragging  with  it  in  order, 
those  most  closely  connected  with  it : 


\ 


T 


d 

"Bat  the  series  never  rons  backward."  '  The  order  of  sncces- 
sion  foUoweii  in  pteseutation  is  preserved  in  revival. 

It  is  evident  that  with  this  atomistic  conception  of  conscious- 
ness, no  other  view  of  rcvi^'al  is  possible.  Given  a  series  of 
idea.s,  tf .  i,  c.  d,  elc.  *  follows  a,  c  follows  b.  and  so  on.  Any 
initial  tendency  is  impossible.  How  on  earth  could  any  con- 
nection from  d  back  to  a  be  possible  without  a  bop,  skip 
and  jump  which  even  Hcrbart's  iVc4'Aiint>  conld  hardly  stand. 
In  such  a  series,  d  must  be  followed  by  e  if  there  is  to  be  order 
and  harmony  in  our  mental  universe.  At  least,  so  say  these 
psychologis'.s,  I  do  not,  at  present,  wish  to  stand  for  any 
special  kind  of  revival,  Bnt  it  seems  to  me  that  tbls  serial  re- 
vival has  led  to  a  wrong  conception  of  the  present  moment  of 
consciousness ,  The  revival  of  our  ideas  in  serial  order  does 
not  necessitate  our  conscionsoess  being  a  filled  cabinet,  out  of 
which  the  ideas  drop,  one  by  one,  any  more  than  the  spinning 
of  the  threads  by  a  spider  presupposes  two  spools  of  !«lk  rolled 
up  in  the  spinnerets.  I  shall  rettim  to  this  point  after  I  have 
presented  my  data  in  Part  II. 

Bbbinghaus  pnrsue.s  a  different  method  in  bis  investigation 
of  memory,  in  the  course  of  which  he  touches  upon  the  direc- 
tion of  mental  snccessiou  in  ideal  revival.  While  Ebbing haus 
does  not  establish  the  existence  of  an  actual  succession  in  a 
backward  direction,  stilt  he  tries  to  show  that  there  is  a  con- 
nection between  two  syllables  learned  which  facilitates  the 
process  ofremembcriug  when  the  same  scries  is  learned  in  the 
re^'crse  order,     Thus,  after  having  teamed  a  series  in  the  order. 


/,.    A,    A. 


/«.    /.,. 
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more  time  was  saved  when  learning  the  series  in  the  order, 

k'm    ■*«•    'M Mt      A- 
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tfaaa  ytlven  learned  in  •  mixed  order,  thus  : 


'H> 


....    A,        A.       Aj,        Air        '     .     ■    Ml 


Since,  in  the  second  series  12.4^  was  saved  (a  tfae  time  re- 
quired for  learnius  the  series,  while  only  5^  was  saved  in 
the  time  for  learning  the  third  series.  Kbhinghaus  concludes 
"that  in  the  Ic&rning  of  a  scries,  certain  connections  between 
the  memhers  is  formed  iu  a  backward  as  well  as  in  a  forward 
dirccrion."  ' 

Against  this,  Miillcr  and  Schumann  give  with  approval  the 
crittdsm  of  MuDSterberg  to  the  effect  that  when  we  learn  a 
scries  of  syllables,  the  visual  field  is  not  restricted  to  a  single 
!i>*llab1e,  and  unconsciously,  in  glancing  at  the  syllables,  we 
form  such  backward  ossociatioms  as  will  accotint  for  the  difTer- 
encc  in  the  saving  of  time  given  by  Hbbinghaus.  Hiiller  and 
Schumann  avoid<:d  this  difiiculty  by  pre^teuting  the  syllables  in 
isolation,  thus  minimizing  the  visual  concomitance.  They 
come,  however,  to  a  samilsr  conclusion.  The  syllables  were 
learned  in  trochaic  measure.  The  above  mentioned  investiga> 
tOTs  found  that,  of  two  syllables  belonging  to  the  same  foot, 
the  second  one  tended  to  revive  the  first.'  Thejr  alsocoDclttded 
that  in  such  cases  we  may  explain  the  direction  of  soccesskm 
not  ooly  as  a  backward  one,  but  also  as  a  tendency  to  revive 
the  whole  complex  in  its  original  serial  order.*  This  gives  us 
the  first  indication  of  any  'initial'  tendency  in  ideal  revival. 

Sow  it  is  evident  that  with  a  trochaic  measure,  the  questKm 
is  still  undecided  as  to  whether  such  revival  is  backward  or 
initial.  In  another  series  of  experiments,  Miiller  and  Pilzecker 
presented  eWdence  in  favor  of  the  latter  tendency.  Instead  of 
using  a  trochaic  beat,  they  used  the  anapcstic  fool.  With  three 
s)-llab]es,  revival  of  the  second  upon  presentation  of  the  third, 
would  help  fasten  the  belief  in  a  backward  association,  while 
revival  of  the  first  would  increase  our  belief  in  an  initial  tend- 
ency in  mental  reproduction.  The  results  of  their  experiments 
were  in  favor  of  the  initial  tendency.' 

II. 

In  the  series  of  tests  given  by  the  above  mentioned  investi- 
gators on  the  question  of  the  initial  tendency  in  .serial  revival, 
it  aeems  U>  me  conditiotis  are,  tn  this  special  case,  somewhat 
artificial.  In  the  first  place,  we  do  not,  in  the  natural  order  of 
events,  speak  in  nonsense  syllables,  with  the  accent  on  each 

>  Utiftrdas  GedStJktnis.  %  4f». 
^Zeit.f.  A^A.  6:163, 

*  Ibid.,  6:309. 

*  md..  ErfSm*.  Bond.  I,  Ch.  VI. 
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odd  or  third  one.  Again,  any  possible  connection  and  dcvcl- 
opmeot  of  the  serial  meaning  in  each  member  is  reduced  almost 
to  a  minimum,  and  there  lemains  in  the  scries  the  tendciic>'  of 
the  members  to  exist  as  discrete  and  separate  units.  Of  course 
any  rhythm  or  body  attitude  taken  towards  each  member  in  the 
series  would  tend  to  give  them  a  serial  unity,  and  thus  would 
tend  to  give  them  serial  meaning  in  greater  or  less  degree. 
Fiaally,  it  is  rather  diflicult  to  obtain  a  pure  series  of  syllables, 
i.e..&  set  of  syllables  without  any  previous conoections.  In 
the  variou:i  cotmcctions  of  syllables,  it  is  pouiUethal  a  syllable 
which  precedes  iti  Ihc  artificial  series,  may  bave  been  previously 
associated  in  the  common  course  of  eveuts,  as  a  succeeding 
syllable.  It  is  necessary  to  have  nonsense  syllables  if  we  use 
them  as  did  Ebbinghaus  and  the  others  for  the  purpose  of  de- 
termining gain  of  time,  etc.,  when  learning  them  in  diOereot 
orders.  But  I  think  it  hardly  oeccssar)'  to  use  nonsense  sylla- 
bles to  determiue  wlielher  the  memory  runs  in  a  forward  or  2 
baclcward  direction,  or  whether  there  exists  an  initial  tendency 
or  not.  I  may,  of  course,  be  wrong.  b«t  I  think  that  if  we 
wiib  to  find  out  how  a  person  remembers,  we  need  bnt  simply 
give  him  a  cue.  and  see  what  corner  into  his  mind  after  such 
cue,  restrictions  being  placed  as  to  the  topic  remembered,  tiie 
natural  order  of  mental  succession  can  then  be  noted,  Care, 
however,  must  be  taken  to  get  the  very  first  ideas  arising  upon 
presentation  of  the  cue,  and  precautions  must  also  be  taken  to 
deal  only  with  what  is  thoroughly  known  and  is  easy  of  recall. 
Where  there  is  a  halting  process,  I  venture  to  suggest  that  this 
is  not  mcmor)-  proper,  but  a  species  of  |>crccptton  mixed  with 
memory.  When  a  person  has  to  struggle  to  get  the  next  word 
in  a  aeries,  each  word.  a»  it  is  dragged  out,  acts  as  a  new  stim* 
ulns,  as  an  actual  impression  infiucncing  farther  revival.  In 
pure  memory,  the  process  ought  to  go  off  upon  presentation  of 
the  stimulus  alone.     It  ought  to  be  more  or  less  automatic. 

In  collecting  the  data  to  determine  the  presence  or  absence 
of  an  initial  tendency,  I  tested  a  class  of  boys  iu  the  sixth  year 
(second  half),  about  forty  in  number,  averaging  13  years  5 
months,  the  ages  viirying  from  10  years  5  mouths  to  15  years 
5  months.  The  selection  which  I  used  was  a  poem  which  they 
had  already  memorized  for  regular  recitation  purposes,  and 
which  they  'knew'  fluently.  In  tlie  first  five  tests  given  below. 
I  selected  parts  of  this  poem,  no  emphasis  being  placed  upon 
the  rhythm,  the  natural  rhythm  alone  operating.  The  boys 
did  not  know  the  object  of  the  lest,  I  emphasized  the  follow- 
ing points  before  tKKluning :  Upon  my  calling  out  a  word,  they 
were  to  write  down  the  very  first  words  of  the  pan  chosen 
which  came  into  their  minds.  I  dwelt  upon  this  point,  and 
also  the  fact  that  everything  ibey  put  down  was  correct,  so 
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kmg  as  it  was  the  first  thing  which  nntK,  nnd  so  long  as  it  be> 
longed  to  the  part  of  the  eelection  chosen  for  the  purposes  of 
the  test.  In  the  first  teat  I  asked  them  to  write  down  the  firM 
word,  bat  io  all  those  rollowto^,  they  wrote  down  the  first 
three  or  four  words  arising  upon  presentation  of  the  cce, 

Before  giving  my  results,  it  may  be  advisable  distinctly  to 
state  the  meaning  of  the  terms  used  and  iheir  abbreviation. 
V^  fromu-arJ  tendency,  i,  e..  one  going  straight  ahead  upon 
presentation  of  the  cue.     For  example,  in  the  lines, 

"The  bicaaed  damozcl  iMoetl  onl 
From  tbe  gold  bar  of  Rcaven." 

when  given  the  cue,  'the.'  I  recalled  'the  gold  bar  of  Heaven,' 
such  revival  being  /romji-ard  the  cue.  and  in  a./orward  direc- 
tion. On  the  other  band,  given  the  cue,  "leaned,'  I  recallnl 
at  once  the  series  'The  blessed  daniozel  leaned  out.'  This  lat- 
ter revival  illustrates  the  ini/ial  tendency,  which  also  goes  in  a 
fonnard  ditectiou  and  is  designated  by  I.  Both  tendencies  are 
in  a  forward  direction,  though  the  one  is  /romward.  the  other 
imtial.  When,  in  the  tests  given,  no  words  were  recalled,  or 
where  there  was  a  halt  due  to  sudden  disturbance  caused  by 
the  stimulus,  or  inability  to  recall,  I  have  put  the  result  under 
B  or  blank.  In  each  result.  I  have  staled  the  date  when  given, 
the  part  of  the  memory  piece  selected,  the  list  of  cues  pre- 
sented, the  number  of  boys  acting  as  subjects,  and  the  number 
of  cases,  the  last  being  di.itrit)ulcd  under  the  headings  I,  F, 
and  B  as  above  explained.  Where  a  boy  took  up  the  cue  and 
proceeded  straight  ahead,  I  have  counted  tbe  cose  in  the  from- 
ward  column,  and  I  have  also  put  in  the  same  column  those 
cases  in  which  revival  immediately  follows  the  cue,  and  tii 
which  there  is  an  apparent  'skip'  ahead  of  the  cue  before  re- 
vival occurs.  Certain  possible  objections  to  my  method  of 
procedure  I  shall  take  up  after  ha%*ing  presented  my  results. 

Tbst  I. 
Date.     March  30,  1905  (forenoon). 
Part  selected. 

"By  ihe  flow  o(  the  Inlaud  r!v*r." 
Cues.    JJow,  inland,  river,  the. 
Number  of  boys.     38. 


Cases. 


I. 


F. 


B. 


total. 


S6      I      65      I        < 
Tkst  ir. 
Date.     March  30,  1905  (afternoon). 
Part  selected. 

"No  more  rIikII  tbe  war  (ly  mtct, 
Or  the  winding  x'vitrt  be  red." 
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Cues.     sev^.  winding,  rivers,  tkaU. 

Number  of  boys.    40. 

Caiies.  I.      I      F.      I      B. 


toUl. 


104     I      55      I       I       I       i6o 

Tbst  III. 

Date.     March  27,  1905  (afternoon). 
Part  selected. 

"By  the  flow  of  tta«  inland  river. 

Whence  the  fleet*  o(  iron  hnve  fled, 
Whcie  tbe  blades  of  the  K'tvcr  Jtcaaa  quiver, 
As)e«p  are  ihe  rank*  of  the  dead,— 
Under  the  soil  and  the  dew, 

Waiting  thr  judgiaent  day: 
Under  the  one,  the  Blue, 

Under  Ihc  olber,  the  Gray." 

Cties.    /letts,  d£w,  day,  /ime,  under. 
Ntimber  of  broyH.     43. 


Cases. 


I. 


F. 


B. 


total. 


138     I       78  4       I       310 

Test  IV. 
Date.     April  3,  1905  (nfterooon). 
Part  selected,  same  as  id  test  III. 
Cues,     cf,  bladet,  asleep,  under,  Ihe,  ^. 
Number  of  boys.     40, 
Cases.  I,      I      F.      I      B.      1      total. 


36      I     iSi     I      a      I       240 

It  is  interesting  to  note  that  in  cites  i  and  6  (of)  which  are 
the  same,  a  different  series  was  revived  for  each  in  the  cases  of 
35  boys,  and  that  of  these  35  boys,  to  differed  in  that  one  re- 
vival was  fromward,  while  tbe  other  (for  thesame  coe),  was 
IniUal.  The  other  15  boys  revived  an  entirely  different  aeries 
io  the  two  cases  for  the  same  cue. 


Tkst  V. 
Date.     April  10  (afternoon). 
Part  selected. 


"Sadly,  bat  not  with  apbraidtttg. 
The  fcencrouK  deed  waa  do4ic: 
la  Ihe  Morm  of  the  year*  that  are  fading 
No  braver  battle  waa  won, — 
Under  Ihe  cod  and  the  dew. 

Waltliix  the  jtidKinetil  daj': 
Under  tbe  blosionii,  the  Blae; 
Uadcr  the  Kartands,  the  Grar," 


Cues, 


in,  sod,  fading,  years,  mri,   under,  day,  Ihe,  wider, 
braver. 
Number  of  boys.     39. 
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Coses. 


1.      I      F. 


B. 


total. 


I20 


269      I  I  I  390 

Jn  tbia  test  14  boys  revived,  for  the  sane  cae  (under),  a  dISer- 
CDt  series  in  each  case.  i.  /.,  the  same  bay  for  the  same  cue 
gave  a  series  differing  ia  the  second  revival  upon  presentation 
of  the  cue. 

Id  the  following  set  of  tests,  about  half  the  boys  were  the 
same  as  tho^ie  actiug  as  subjects  in  the  preceding  experiments. 
The  class  numbered  about  lorty,  was  in  the  seventh  year  (5rst 
half),  and  averaged  i3  years  3  months,  the  ages  varying  from 
It  years  o  months  to  15  years  9  months.  Similar  explana- 
tions  were  given  as  in  the  above  tests. 

Tkst  VI. 

Date.     October  16.  1905  {afternoon). 
Part  selected. 

"Whither,  'midit  fklling  dew, 
Wbile  K^ow  the  heaTCD*  with  the  lut  ilcps  of  day, 
Par,  tliroiigli  their  ro«y  ilepths.  doct  Ibon  parsne 
Thy  •oliury  way?" 

Cnes.    glow,  s/efis,  way,  with.  the. 
Number  of  boys.     41. 

Cases.  I.      I      F. 


B. 


total. 


64      I      133     I       8       I        205 

The  8  blanks  were  all  caused  by  the  cue  "way."  which,  it  may 
be  uoted,  is  the  last  word  in  the  stanza  chosen.  These  eight 
cases  might  perhaps  be  classed  under  P,  since  the  blank  majr 
have  been  caused  by  a  nataral  inability  to  proceed  OQward. 

TasT  VII. 

Date.     October  24.  1905  (afternoon). 
Part  selected. 


"I  chatter,  chatter,  a*  I  flow 

To  join  the  brimitiinK  rirer, 
For  nicu  tnHy  come  and  men  may  go. 
But  1  go  on  for  ever." 


Cues.    Jhtii,  river,  men,  1,  forever. 
NnmbcT  of  boys.     3$. 

Cases.  1.      I      F.      I 


B.       I      total. 


84     I      89      I       7        I        180 

Similar  to  the  cases  in  test  VI,  the  seven  blanks  were  caused 
by  the  cue  'forever'  which  Is  tbe  last  word  in  the  stanza. 

Tkst  VIII. 
Date.    October  25,  1905  (afternoon). 
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Pan  selected. 

"The  <|iiiUtr  ol  racrcy  i«  not  *triiin'<1. 
It  dropncth  a*  tbe  gentle  rain  from  hearen 
Upon  the  place  bciicalh:  it  i»  t«ricc  bicas'd: 
II  blewclh  him  that  give*  nnd  him  that  takes." 

guaiity,  it,  genlU,  bttsulh,  the. 
Number  of  boys,     39, 
Caws.  I.      I      F.      I      B.      I     total. 


Cues. 


19     I     170 


T     195 


The  blank  esses  were  caused  by  tbe  cue  'tbe.'  I  infer  from 
tbis  that  lack  of  revival  was  due  to  conflict,  to  abock  due  to 
the  number  of  series  which  have  equal  right  to  follow  'the'  and 
which  would  strive  so  to  do. 

TSST   IX. 

Date.     October  36,  1905  (forcnooo). 
Part  selected. 

"We  bold  the»e  linthi  to  be  lelf-evideiit.  that  all  men  arc  created 
equal,  that  tbcy  arc  endowed  bj- their  Creator  with  certain  nnalleD* 
abk  Kitihl*,  that  among  thcM  are  Life,  Liberty  and  tbe  ptuinit  of 
HnptJiDeaii." 

Cues,     tntihs,  created.  nu»,  thai,  these. 

Number  of  bo^s. 


Cases. 


f 


P. 


44 


141 


B.      I      totaL 


185 


Before  analyzing  tbe  above  results,  I  think  it  advisable  to 
answer  a  possible  objection  which  may  be  raised.  Since  tbe 
■elections  were  learnt  for  purposes  of  class  recitation,  did  not 
tbe  boys  therefore  tend  to  recite  the  answers  in  the  order  in 
which  they  were  usually  required  to  do?  Since  they  knew  that 
only  a  certain  method  of  recitation  would  be  accepted,  would 
Dot  this  influence  their  mode  of  reaction?  If  I  wLthed  to  in- 
vestigate the  fromwmrd  tendency,  perhaps  snch  objection  might 
have  some  weight.  But  the  fact  that  a  fromward  direction  Is 
usually  required  in  class  recitation  would  operate  strongly 
against  any  initial  tendency  becoming  manifest.  For  a  recita- 
lation  proceeds  onward,  and  not  with  a  skip  back  and  then 
ahead,  The  initial  tendency,  if  shown  (as  it  is),  is  strongly 
opposed  by  the  artificial  conditions  imposed.  This  peculiar 
skip  back  and  then  the  process  ahead  (initial  tendency  forward), 
moreover,  cannot  be  explained  by  any  badcward  revival.  For 
if  such  were  to  operate,  the  intermediate  words  wouM  have  to 
be  revived.  This  point  I  shall  discuss  more  fully  in  tbe  fol- 
lowing section.  Before,  however,  proceeding  with  my  analysis 
of  the  results.  I  shall  distribute  the  coses  In  Test  VII.  and  give 
those  examples  of  initial  and  fromward  tendencies  which  oc- 
curred  most  frequently. 
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Cue.     I. 

I  cases,    4. 

'but  fga  m' 
P  esses.     33. 

*/  (hatler  chatler' 

'chatter  (hatter  at  IJiow' 

'J  g»  en  forever' 

"go  on/oteoer' 

'y/ffw  toj'tmi' 

Cue.    forever. 
I  cases.     39. 

'^/  I  go  ok' 

'i  go  OK  forever' 

'go  OH  forever* 
B  cases.     7. 


TasT  VII. 
Cue.    fioa. 
I  caiies.     16. 

■  I  (hatter  chatler  as  I  flow' 

'thatter  ekaUer  at  Iftm^ 

'as  Ifitm' 

'ifl«w' 
Fcases.     20. 

'fiow  to  jmn  the  brimming 
river" 

'to  join  the  brimming  river' 

Coe.    river. 
I  cases.     s6. 

'to  join  the  brimming  river' 

'the  brimming  river" 

'brimming  nver' 
F  cases  10, 

'river for  men  may  tom^ 

'for  men  may  <»me' 

Cue.     men. 
I  cases.     9. 

'for  men  may  eome' 
F  cases.     37. 

'men  may  eome' 

'may  come' 

It  is  to  be  noted  that  no  attention  was  paid  to  spelling  or 
puticUiatlon.  It  18  alM  to  be  noted  that  the  last  word  in  the 
answer  of  some  of  the  cases  (as  in  the  cuvforeticr),  is  the  same 
as  the  cue  of  the  following  lest.  It  is.  however,  interesting  to 
note  that  of  the  seven  boj's  tbat  put  a  blank  when  the  fiflh  cue 
was  called  out  (forever),  five  of  them  had  'forever'  as  the  laat 
word  in  their  answers  to  the  fourth  cue.  The  answers  above 
distributed  are  those  which  predominated.  In  addition  were 
cases  in  which  there  were  words  or  eveu  whole  lines  skipped 
Id  tbc  fromward  cases,  such  skipping  being,  in  the  usual  atom- 
istic explanations,  classed  as  'mediate'  association.  Since  I 
wbb,  among  other  things,  to  show  the  fallacy  of  the  atomistic 
conceptiOQ,  I  shall,  in  the  following  section,  try  to  give  a  dif- 
ferent explanation. 

m. 

Thotigh  oar  kleasorcotudotisniomenU  come  in  serial  order, 
this  &ct  does  not  oecesriUite  the  existence  of  any  potential 
series  in  the  same  order  as  tbat  in  revival.  The  fact  tbat  a 
series  of  ideas,  etc.,  arises  in  the  order. 

a,  i,e,  i, p. 
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is  ao  proof  that  stored  up  in  our  'empty  cabioets'  is  n  nnrabcr 
of  ideas,  a,  6,  e,  d.  etc ,  whtcb  drop  out,  as  it  wvre,  otw  by 
one.  The  existence  of  an  initial  tendency  in  mental  reprodnc* 
tion  requires  a  far  dilfereal  conception  of  the  present  moment 
of  consciousness.  Wlien  written  in  symbolic  form,  ss  words, 
etc. .  the  series  seems  to  presuppose  a  number  of  discrete  units 
which  seem  to  exist  iu  cb&iii-tike  form  in  consciousness.  But 
with  such  a  series,  how  account  for  the  initial  tendency?  In 
auy  series,  a.  b,  c,  d,  etc.,  a  jump  back  from  i^  to  a  or  to  ^  will 
neglect,  apparently,  the  intermediate  memi>er,  b,  and  ibis 
vaulting  process,  a  mental  gymnafitic,  as  it  were,  can  hardly 
be  explained  by  any  'mediate'  association,  backwards.  For 
the  series  runs  on  ahead,  forward,  and  not  backward.  A  skip 
from  axad  might  be  due  to  'mediate'  association,  but  'mediate' 
association  cannot  be  called  in  to  explain  the  apparent  jump 
backward.  I  shall  try  to  give  a  rational  explanation  of  both 
forward  and  backward  'jumps,'  and  shall  attempt  to  show  the 
futility  and  falsity  of  any  explanatiou  by  'mediate'  association. 
Now,  instead  of  suppoMng  the  stimulus  alone  to  exist  as  a 
conscious  moment  in  the  subject,  in  the  light  of  the  Eocts  pre- 
sented, we  can  add  the  tendency  to  revive  a  series  in  a  forward 
direction,  which  tendency  I  represent  by  n.  Instead  of  repre- 
sealing  the  present  moment  by  a,  or  h.  or  p,  therefore,  it  should 
be  represented  by  pn,  p  giving  us  tbc  stimulus  or  that  portion 
of  It  operating,  and  n  the  tendency  of  the  pre.<tent  moment  to 
pass  on  in  serial  order.  But  in  addition,  I  think  it  safe  to  add 
another  factor,  or  rather  to  point  out  another  factor  which  ex- 
ists in  tbe  present  moment  of  cousciousnea.  The  portion/  of 
the  present  moment  exists,  not  in  abstraclo,  but  in  a  series ;  as 
such,  l>esides  its  own  meaning,  besides  the  meaning  which  it 
has  in  general,  it  has  a  specific  meaning  due  to  its  poMitiou  in 
tbe  series ;  its  meaning  becomes  narrowed,  as  it  were,  because 
of  its  serial  connections.  Thus,  in  the  distribution  of  cases 
(See  p.  248),  and  also  in  Tests  III  and  IV,  tbe  same  cue  revived 
difiereot  series,  and  in  some  ca.«s  with  the  same  boys.  Thus 
(See  p.  346)  /,  being  in  different  scries,  had  a  different  meaning 
accordiog  to  the  scries  in  which  it  was  revived.  In  some  cases 
tin  series  was  'I  thatUr,  cAalUr.  ek..'  in  others  It  was.  'but  I  go 
on  forever.'  This  meaning,  both  as  such  and  as  serial.  I  wish 
to  represent  by  m.  The  entire  present  momeal  may  therefore 
be  represented  by 

pmn 

m  standing  for  tbe  meaning  both  per  te  and  as  modified  by  the 
series,  and  n  for  tbe  tendency  to  develop  the  series  in  which  the 
stimulus  exists.  Expressing  the  fact  that  pmn  may  be  in  any 
place  in  the  series,  and  may.  therefore,  explicate  tbc  scries  at 
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different  points,  depending  upon  its  position  in  tbe  series,  we 
have  as  the  present  moment, 

The  prcitcnt  moment  of  conscionsness  cannot  be  on  isolated 
idea,  but  is  rather  an  entire  dispo^tion,  sncb  disposition  bdng 
excited  by  the  stimnlus  or  cue,  and  having  In  it  ( i )  a  meaning 
and  (a)  a  tendcoc>'  to  explicate  the  series  implicit  in  it.  This 
nWAning  and  this  tendency,  moreover,  have  not  dropped  from 
tbe  besvens  above,  but  have  been  devtloped  by  a  previous  mc- 
eeesion  or  successions.  Sucb  sticcesskms,  insUad  of  being  rep- 
lesented  by  the  discrete  members, 

a.  b,  c,  d,     ...  p. 

may  rstber  be  symbolized  by  the  formula, 

Off,  QVttt\K  CfttjV^,  dfft^i,    .    ,    •  pWt^Hy, 

What  is  revived  by  tbe  cue  or  stitnulns  U  not  an  idea,  in  ah- 
straelo.  but  rather  an  entire  disposition,  having  a  tendency  to 
develop  the  series  implicit  in  it.  Now.  given  this  present  mo- 
ment with  its  meaning  and  its  tcndenc>',  it  make:t  no  dilTerence 
what  part  of  the  scries  it  IwRins  to  develop.  It  may  begin  the 
series,  or  it  may  start  at  some  part  of  the  .series  immediately 
following  tbe  stimulus.  For  the  present  moment  io  its  entirety, 
/  M,  M,.  ii  the  seriet  in  sutnma/iffn,  and  as  such  may  develop 
the  scries  at  any  point  which  the  attitude  calls  for.  There  is 
nc  'mediate'  astaeiatioH  either  way.  It  is  only  when  we  consider 
p  alone  that  'mediate'  association  may  be  considered.  But 
when  p  m,  n„  is  taken  as  a  whole,  'mediate'  association  mtist 
drop  out.  both  ma  a  problem  and  as  a  fact. 

It  ii  only  this  conception  of  the  present  moment  of  con- 
sciousness, I  think,  which  can  account  for  tbe  initial  tendency, 
and  (though  I  mention  this  by  the  way)  for  the  apparent 
'mediate'  association.  When  the  cue  is  given,  there  is  revived 
in  the  mind  of  the  subject  an  entire  disposition,  which  repre- 
sents, by  its  meaning  and  its  tendency,  some  series  or  part  of 
a  series  which  has  been  previously  de%'eloped.  This  teudeucy 
in  explicating  the  series  begins  at  such  point  as  U  necessary 
fully  to  develop  the  present  moment,  to  expand  its  meaning, 
to  enable  it  to  'fit'  in  its  position.  Now  it  makes  no  difference, 
as  I  have  said  before,  where  the  tendency  becomes  realized. 
It  may  operate  in  an  initial  direction  forward,  or  in  a  fromward 
direction  forward,  and  in  tbe  latter  case  it  may  even  .tkip  a 
member  or  a  set  of  members  in  the  series.  Looking  at  tbe 
present  moment  from  this  point  of  view,  instead  of  from  tbe 
older  atomistic  standpoint,  we  can,  I  think,  explain  the  initial 
tendency,  and  at  the  same  time  remove  the  problem  of  'mediate' 
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association.  There  is  no  actual  skip  either  tray.  The  series, 
or  what  there  is  of  it,  is  all  there,  and  exists  implicitly  id  the 
prei;eDt  momenl.  When  we  examine  the  series,  there  seems  to 
have  been  some  mediation,  perhaps.  But  as  a  moment  of  con- 
scious  life,  such  mediation  did  not  exist.  The  mediation  exiUs 
in  the  logira!  analysis  of  the  ttries  *)■  an  observer  nnd  js  one  of 
the  many  striktOK  examples  of  the  psychologist's  fallac)'.  The 
whole  series  is  present,  and  where  and  how  it  becomes  expli- 
cated depends  upon  how  mnch  of  it  is  roused,  how  closely  it  is 
organiied,  how  mnch  unity  exists  in  it,  and  so  on. 

Before  closing  my  account,  I  wish  to  make  some  minor  ob- 
aervatioDs.  both  psychological  and  otherwise.  In  arranging 
the  cases,  there  was  forced  upon  me  the  fact  that  with  boys  of 
ability  above  the  average,  with  boys  who  show  care,  such  abil- 
ity being  manifest  in  the  tests  given  by  good  mcmorj*,  thor- 
oughness of  prepariilion,  etc..  in  such  cases,  the  initial  tendency 
was  more  freqneut  than  with  the  rest  of  the  boys.  I  do  not 
mean  to  say  thai  Viny  general  power  was  shown.  Only,  that 
where  care  or  ability  had  resulted  in  better  work  as  far  as 
memorizing  the  selection  was  concerned,  such  care  and  ability 
having  already  been  previously  manifest,  this  care  and  ability 
in  memory  was  concomitant  with  a  vcrj*  evident  initial  tend- 
ency, whereas  the  poorer  scholars  manifested  a  tendency  in  the 
iromward  direction.  In  addition,  it  is  seen  that  the  earlier 
tesLs  show  a  greater  number  of  initial  cases;  and  in  these  tests 
the  piece  was  much  more  thoroughly  and  longirr  known  tlian 
in  the  latter  tests.  It  is,  however,  hardly  fair  to  compare  these 
tcstft.  since  it  is  evident  that  in  many  ca.^es  the  position  of  the 
word  and  its  meaning  would  dctcTminc  largely  whether  the 
tendency  was  to  be  initial  or  fromward.  There  would  have  to 
be  many  more  cases,  and  exact  correlation  before  a  more  stable 
gcDeralixation  could  be  made.  But  in  general  1  should  be  per- 
fectly witling  to  estimate  the  ability  or  care  of  the  boys  ex- 
pended in  (be  work,  by  the  presence  of  the  initial  tendency. 
A  rough  and  tentative  classification  could,  I  think,  be  made. 
This  !t«ems,  moreover,  to  coincide  with  the  conception  of  the 
present  moment  of  consciousness  above  expounded.  For  it 
seems  natural  that  where  special  effort  or  ability  has  been  put 
forth,  the  result  would  be  to  establish  a  more  closely  organized 
disposition,  a  better  developed  meaning,  a  more  complete  or- 
nnic  whole.  Such  disposition  would  tend  to  realize  itself 
nxMD  the  beginning,  and  not  in  piecemeal  fashion.  I  offer 
this  M  suggestion  only,  and  not  as  a  valid  generalization. 

Finally,  the  abo\-e  results  agree  with  numerotis  empirical 
observations  in  other  directions.  The  above  tests  were  re- 
stricted to  verbal  series  with  meaning.  But  similar  results 
may  be  noticed  in  manual  work  and  motor  adjustments.     For 
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exMUVit.  when  a  boy  U  told  to  correct  a  drawing,  bis  tendency 
is  to  begin  it  ng^in,  uid  he  shows  this  either  by  rubbine  oat 
the  whole  drawing,  or  by  asking  for  another  paper.  Or,  if  be 
is  building  with  bloclcs.  and  is  not  satisfied  with  some  part,  be 
will  often  throw  down  the  whole  structare  and  begin  again. 
The  apasm  which  a  child  exhibits  when,  in  a  rage,  be  tears  up 
his  paper  because  of  some  error  which  has  been  pointed  oat  to 
him.  should.  I  think,  be  treated  as  a  realiatkm  of  initial  tend- 
ency (which  has  been  diecked  perhaps  by  refusal),  and  not  as 
a  fit  of  the  ancient  Adam.  So  in  reading,  and  in  the  other 
arts,  the  child's  tendency  to  begin  all  over  should  not  be 
checked,  for  it  seems  to  be  the  natural  working  of  his  mind. 
Much  wasted  effort  and  much  disagreeable  work  conid  be 
avoided  if  this  initial  tendency  were  properly  respected.  Any 
error  made  is  not  an  error  per  xe,  but  an  error  which  destroys 
serial  unity,  serial  meaning,  and  before  further  meaning  can 
be  developed,  the  whole  series  must,  perhaps,  be  gone  through 
in  tol^  before  progress  is  again  possible.  Hence  the  initial 
teudeucy.  The  error  has  no  organic  connection  with  what 
follows,  and  a  new  start  must  be  made. 

My  testa  were  given  to  boys,  and  as  such,  these  tests  must 
be  taken  for  what  they  are  worth.  I  have  found,  however, 
that  as  far  as  I  am  concerned,  my  mind  works  in  a  similar 
manner.  liven  if  what  I  have  presented  be  not  wholly  ac- 
cepted. I  hope  it  will  bring  into  proper  light  both  the  initial 
tendency  and  tbe  fromward  tendency,  and  the  newer  coaoep> 
tioo  of  the  present  moment  of  consciousness. 


ON  JUDGMENTS  OF  "LIKE"   IN  DISCRIMINATION 
EXPERIMENTS. 


By  PXAHK  Akcrll. 


The  class  of  judgments,  which  we  in  a  geneni  way  term 
"like,"  have  had  a  checkered  career  in  expenmeatal  psychol- 
ogy. Originally  more  or  less  explicitly  iodaded  by  Fechaer 
among  his  doubtful  judgments  in  the  Method  of  Right  and 
Wrong  Cases,  they  gradually  acquired  more  and  more  exposi- 
tive significance  nntil  we  find  thetu  farming  a  basLs  for  a  loga* 
rithmic  law  of  sensory  memory  (Wolfe)  and  for  establishing  a 
theory  of  recognition.     (Lehraann. ) 

And  the  ontogenetic  development  of  this  class  of  jiidgmeats 
with  a  kindly  consistency  often  follows  the  phylogcnetic:  re- 
agents (vho,  at  the  begiuning  of  aseriesof  expcnnients,  rarely 
and  hesitatingly  set  don-n  the  symbol  for  a  "like"  judgment— 
often  in  the  later  part  of  the  work,  come  to  express  their  con- 
victions of  likeness  with  underscored  emphasis. 

The  factors  whose  presence  in  coascioasness  may  bring 
about  a  judgment  of  "like"  are  probably  numerous  and  cer- 
tainly multifarions,  and  among  them  is  a  variation  in  tendency, 
noted  by  the  writer  in  a  previous  investigation  (/W//.  Stud., 
XIX,  i9-so)  to  judge  certain  differences  as  like  accnrding  to 
the  variety  in  difierences  in  value  between  norm  and  variable 
in  the  other  comparisons  of  a  .series. 

The  existence  of  such  a  tendency  was  noted  by  Bruno 
Kampfe  in  bis  experimental  testiug  of  the  Method  of  Right 
and  Wrong  Cflscs  (/%(/.  Stuti.,  VII.  .S48).  and  later  on.  the 
tende»c>-  appeared  as  a  "by-product"  from  judgments  on 
weighu  according  to  the  Method  of  Constant  Difference  in 
Martin  and  Miillcr's  "Analysis"  (S.  32), 

The  object  of  the  present  investigation  is  a  further  aualysJs 
of  this  tetidency  In  the  ho]>e  of  throwing  more  light  upon  thU 
Bmbignoas  dasa  of  judgments. 

The  scheme  of  experimentation  for  such  an  investigation  is 
simple:  a  number  ot  judgments,  sufficiently  large  to  serve  as  a 
basis  for  generaliziug,  is  taken  according  to  the  method  of  con- 
stant differences  with  relatively  small  ^fferences  between  nons 
and  variables;  this  series  is  followed  by  a  second  containing 
some  of  the  difierences  between  norm  and  variable  represented 
)□  the  first,  together  with  other  and  larger  difierences.     The 
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Kcocd  series  i«  then  compared  with  the  &r%t  with  reg:arcl  to 
"like"  judgments  on  pairs  of  stimuli  comtuon  to  the  tno  series. 
If  there  are  more  "like"  jutigmenis  in  the  wootid  series  than 
in  the  first  ihc  chances  are  that  this  has  been  brought 
about  by  the  iaducti%*e  influence  of  the  larj^er  differences;  if  in 
addition,  tfae  judgments  of  "like"  arc  attended  by  a  »tronger 
conviction  of  likeness,  the  probabilities  are  very  great  that  the 
effect  is  due  to  the  presence  of  the  tarf-er  differences.  The  ap- 
paratus used  was  the  sonnd  pcnduhini.' 

The  reagents  sat.  of  course,  with  their  backs  tamed  towards 
the  iustnimcnt  and  iit  .1  diMimcc  of  iitx>ut  ten  feet;  they  were 
wholly  ignorant  of  the  object  of  the  cxperimeuiation  and  of  the 
procedure.  At  the  beginning  of  the  work,  the  series  with  the 
small  differences  (A)  alternated  in  the  cxperimcntnl  hoar  with 
the  series  of  large  differences  (B).  Under  these  oooditioas. 
however,  the  reagentK  became  avrure  of  the  traiuiition  from  one 
kind  of  scries  to  another,  as  was  indicated  by  the  confnsed  na- 
ture of  the  results.  Accordingly  the  remaining  period  of  work 
was  divided  into  halves,  the  hrst  of  which  was  taken  with  the 
judgments  of  small  differeDCCS  (A),  and  the  second  with  the 
larger  judgments  (B).  Under  these  conditions  the  reagents 
were  not  aware  of  the  tranMtion.  and  although  in  the  course  of 
the  later  series  they  became  aware  of  greater  ease  in  judging, 
they  referred  it.  so  far  as  they  formulated  their  impressioas  at 
all,  to  practice,  favorable  disposition  on  a  given  day,  or  what 
Dot. 

An  hour's  sitting  gave  a  set  of  four  series  with  ten  jadg- 
ments  in  a  series.  In  two  of  these  series  the  reagents  were 
given  full  time  to  write  down  introspections;  in  the  remaining 
two  the  pairs  of  stimuli  succeeded  one  another  rapidly  witfaont 
time  for  recording  the  result  of  any  other  introspection  than 
the  judgment.  The  object  of  this  was  partly  to  callect  enough 
material  for  statistical  conclusions,  and  partly  to  overcome  the 
Irregularities  in  methods  of  judging  which  constant  introspec- 
tion lends  to  bring  about.  The  question  to  be  answered  was:— > 
"How  do  differences  in  the  scale  of  stimuli  values  affect  judg- 
ments of  "like"  ?  and  it  might  too  easily  come  about  that  the 
native  hue  of  comparison  would  be  so  sicklied  o'er  with  the 
hue  of  introspection  as  to  obscure  the  tendencies  under  investi- 
gation.  At  the  same  time  the  introspections  in  the  alternate 
aeries  might  well  ser\'e  as  a  check  on  the  generalization  from 
Ibe  fignres.  The  order  of  the  variable  in  a  given  serie.H  was 
first  determined  by  chance — a  fact  with  which  the  reagents  wert 
made  acquainted:  this  order  was  reversed  aud  repeated  in  sob- 

iTbU  JDiirument  haa  iti  Male  fpvdi  in  <legie«s.  There  is  no  rea- 
•00  why  tlie  readings  should  not  giv«  ditectly  the  {all-height  of  the 
pendnlam  bob. 
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seqaent  strips  until  il  had  passed  tbroiigh  all  the  conventional 
time-order  and  serial  order  changes,  after  which  a  new  ocder 
was  likewise  tlelerniincd  t>y  chance.  The  reascnts  noted  their 
judgments  according  to  the  categories  of  "Louder  clearly;" 
"Louder;"  "Like;"  "Softer;"  -Softer clearly"  and  "Doubt- 
ful," the  last  named  comprising  the  very  few  cases  where  a 
difference  was  perceived  with  the  undetermined  diiectJon.  The 
judgments  of  "like"  were  further  divided  into  i)ositivc  and 
negative  according  as  they  were  attended  by  a  conviction  of 
tikeneiw  or  resulted  from  an  inability  to  perceive  a  difference. 
This  list  of  seven  categories  of  judgment  is  more  formidable  in 
logical  analysis  than  actuality;  the  judgments  themselvcit  are 
unitary  processes  and  the  act  which  clnNNifiea  them  in  no  wise 
interferes  with  the  processes  themselves,  in  such  a  way  for  ex- 
ample, as  would  the  injunction  to  watch  the  accompanying 
imagery. 

Table  I  gives  the  general  results  in  the  two  groups  of 
experiwentit — group  A  with  relatively  small  differences  be- 
tween nonu  and  variables— group  B  with  small  and  large  dif> 
ferences.  The  average  number  of  judgments  fur  each  of  the 
four  reagents  is  about  3i6  in  group  A,  and  345  in  group  B. 
The  difference  in  number  of  judgments  in  the  two  time  orders 
is  retati%*ely  small. 

Taking  now  the  number  of  judgments  on  the  five  \-ariables 
comtnon  to  Ibe  two  groups,  we  find  that  group  A  (small  differ- 
ci»xs)  gives  147  "like"  judgments  in  a  total  of  599  judgments 
of  all  kinds,  or  24.5%.  while  group  B  gives  138  judKmcll!^  of 
"like"  in  atotalof  489of  allkindK.orn  jierccnt.  of  38.3.  That 
is.  the  eScct  of  the  large  differences  mixed  in  with  the  small  is 
to  increase  the  proiiortional  numtK.-r  of  judgments  of  "like," 
even  when  working  against  the  li^ndcncics  of  practice.  More 
dearly  is  this  effect  shown  in  the  character  of  the  "like"  judg- 
ments; for  in  group  A  the  underscored  or  clear  judgments  of 
"like"  make  up  but  33.8%  of  the  total  number  of  "like" 
judgments,  while  In  group  B  the  corresponding  proportion  Is 
40.6%.  That  IS,  in  the  gronp  containing  the  larger  differen- 
ces, the  reagents  deli%-ered  proportionately  more  "like"  judg- 
ments and  bad  proportionately  clearer  conviction  of  likeness. 
The  excess  of  "like"  judgments  in  the  B  group  on  the  varia- 
bles common  to  the  tH'o  groups  ts,  however,  nut  large — not  so 
large  indeed  as  the  writer  expected,  but  the  reason  is  no*  &r 
toseek.  In  the  case  of  one  reagent  the  proportional  number 
of  like  jtidgments  was  greater  in  the  A  gronp  than  in  the  B  io 
the  proportion  of  33  to  30,  while  the  number  of  underscored 
judgments  was  practically  alike  in  the  two  groups.  But  seem- 
ingly in  this  case  no  less  than  in  the  other  reagents  the  gen- 
eral trend  of  the  series  inQuenced  the  ways  of  judging.     For 
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this  reagent  in  what  we  tDJght  terui  or*  positive  or  itapuUive  type 
of  tempetamcnt;  in  the  statements  of  his  everyday  cooversa- 
tioii  he  rarely  u^e^  (lualifyitig  words,  bat  adds  tbem,  if  be  deems 
it  oecessary.  in  b  stibscquent  sentence.  In  the  A  scries  be  un- 
d«rscoied  60%  of  his  judgiueuis  as  against  an  average  of  19% 
for  the  remaiDtog  three  reagents.  la  the  fi  series,  however, 
with  all  its  easily  noted  di&ercDces,  his  per  cent,  of  uaderscored 
judgments  was  only  61,  while  in  the  case  of  the  rest  it  ro»e 
from  19  to  36.  In  the  case,  therefore,  of  the  impulsive  re- 
agent, the  eSect  of  the  large  differences  was  the  re^-erseofwbat 
it  was  with  the  more  deliberative  type;  starting  out  with  a  high 
degree  of  confidence  in  the  correctness  of  his  judgments  thia 
reagent  was  somewhat  bhnkcn  in  his  confidence  by  the  pres- 
ence and  obvious  dJSerences  of  the  second  series,  so  that  he 
became  more  cautiotis  end  circumspect  in  bis  compari^os. 


Reagent  Co.,  ou  the  other  hand,  isofa  pronounced  delibera- 
type;  be  is  very  careful  in  forming  his  opinions  and  cau- 
tious in  cxpressinf;  them.  "It  seems  to  me,"  "I  think,"  or 
the  deliverance  of  a  judgment  in  the  form  of  a  question,  are 
bis  usual  wars  in  making  statements.  And  as  was  to  be  ex- 
pected, the  effect  of  the  course  of  the  experimentation  was  the 
reverse  of  what  it  wa.i  on  A.  Not  only  did  he  have  more 
"like"  judgments  in  the  U  series  than  in  the  A,  on  diGfcreuces 
common  to  the  two  series,  but  his  proportion  of  judgmml-t 
marke<l  "clenrly"  na.t  itbout  eight  time»  as  great.  (Theactual 
figures  are,  A  series,  i.S%;  B  series,  i6*).  That  is.  henot 
only  had  a  greater  tendency  to  judge  "like"  in  the  B  series, 
but  he  had  niucb  greater  conGdeiKc  in  his  judgments,  though 
be  actually  made  morccorrect  judgments  of  "like"  in  the  series 
with  the   small  diSeiences,  in  the  proportion  of  28^  to  16%. 

Reagents  Na.  and  Ya.  come  in  between  the  extreme  types  Co. 
and  Al.  but  approaching  more  closely  Co.  Tbey  represent  the 
most  common  type  among  students. 

Wc  find  here,  therefore,  two  conditions  afTecling  the  num- 
ber and  correctness  of  judgments  of  "like:"i°the  Type: 
some  individuals  are  more  prone  to  express  judgments  ot 
"like"  than  others,  and  this  diScrcncc  corresponds  to  the  dif- 
ference between  deliberative  and  impulsive  temperaments. 
This  disposition,  however,  is  not  to  be  confounded  with  a 
tendeiio'  producing  similar  resulbi  with  reagents  who  are  not 
well-trained,  viz.,  an  inclination  towards  either  judgments  of 
"like"  or  of  "unlike"  as  a  result  of  a  more  or  less  vague  no- 
tion of  the  general  conditions  of  the  exi>eiHmentatioa.  3°  The 
inductive  enect  of  the  course  of  the  experimentation ;  series 
containing  mainly  large  differences  between  norm  and  com- 
p«rison  call  forth  other  judgments  with  given  differences  tfaan 
those  containing  mainly  small  diffieretMeB;  the  ttsoal  efiect  of 
the  series  with  large  difTerences  is  to  locrease  the  proportion  of 
judgments  of  "like." 

A  third  eSeci  which  haa  been  dearly  shown  by  previous  in- 
vestigations is  that  of  time;  the  number  and  accuracy  of  judg- 
ments of  "like"  decrease  with  the  time-interval  between  norm 
and  comparison,  though  that  this  decrease  always  follows  a 
logarithmic  ratio,  or  that  it  is  due  to  the  "fading"  of  a  mem- 
ory image  are  in  no  wise  matters  of  fact.  The  number  of  judg- 
ments of  "like"  fall  off  with  the  increaae  in  time- interval  be- 
cause reagents  maintain  more  constant  bodily  conditions  in  the 
short  intervals  thau  in  the  longer,  and  the  accuracy  (alls  off  be- 
cause there  are  fewer  direct  acts  of  comparison,  though  what 
the  terms  of  these  simple  comparisons  may  be,  to  what  cate- 
gory of  sense  they  may  belong,  is  not  cosy  to  determine.  ( l^ide 
Hayden,  Memory  for  Lifted  Weights.  Am.  Jour.  Psy.,  XVII, 
Joua-VAL— 7 
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p.  497;  Angell.  Compari«on  of  Sbadrs  of  Oray,  etc.  Phit.  Stud., 
XIX.  S.  20.) 

In  conipiariDg  simple  stiinali  like  shades  of  grajr  or  soiiods. 
the  asual  process  seems  to  be  that  reagents  begia  with  nega- 
tive judgments  of  "like;"  that  is,  the  judgment  "like"  is  de> 
livered  bccaase  the  reagents  fail  to  note  any  difTerencctjetn-em 
norm  and  comparison;  and  is  not  ususily  due  at  6rst  to  a  con- 
viction of  liketieH.4  or  a  leeliug  of  familiarity  even  after  the  re* 
agents  have  begun  to  feel  acquainted  with  the  stimuli.  Thus 
on  the  second  day  of  the  present  investigation,  a  series  of  five 
compariMD  soundA  were  given  without  a  corresponding  norm, 
which  the  reagents  were  to  compare  with  the  oortn  used  two 
days  previously.  At  this  time,  although  the  reafcents  had 
made  but  39  comparisons  of  sounds  produced  with  the  sonnd 
peudulom,  these  one  term  judgments  were  delivered  in  most 
cues  quickly  and  of^en  with  considerable  convictioti  of  cor- 
rectness. But  in  the  subsequent  judgments  of  this  day  there 
were  no  underscored  judgments  of  "like;"  that  is,  the  judg- 
ments of  "like"  at  this  stage  were  still  negative.  It  is  at  this 
stage,  therefore,  that  these  judgments  arc  hardly  distinguish- 
able from  the  so-called  doubtful  judgments,  and  they  further 
agree  with  the  latter  in  taking  a  relatively  long  time  in  forma- 
tion. In  the  course  of  time,  however,  this  absence  of  a  differ- 
ence becomes  a  positive  mark,  so  to  speak,  and  such  judg- 
ments are  often  delivered  with  more  or  less  of  a  conviction  of 
likeness.  And  along  with  thiA  there  grow  np  other  positive 
signs  which  form  bases  for  judgments  of  "like;"  as  the  writer 
has  before  remarked  i^.  at.  S.  iS.):  "^\Tien  a  series  of  com- 
parisons is  made  up  of  stimuli  diScrtng  in  part  but  a  little,  and 
in  part  not  at  all,  from  the  norm  stimulus,  the  judgment  of 
"like"  may  be  attended  by  n  conviction  of  likeness  which  very 
often  is  due  to  the  feeling,  mood,  tension  sensation  or  even  ac- 
cklental  circumstance." 

In  the  present  investigation  the  tension  sensations  were  usu- 
ally located  to  the  ear;  Al.  notes  repeatedly  "muscular  sensa- 
tions in  the  ear,"  and  Co.  .speaks  of  '•reoction  in  ear."  Res- 
onance, referred  sometimes  to  the  external  passages  of  the  car, 
sometimes  to  "echo"  was  fretjuently  used  as  a  basis  for  dis- 
criminnlion.  In  two  cases,  "a  feeling  of  familiarity"  with  the 
norm  formed  one  term  of  the  comparisons,  for  CI, ,  the  most 
experienced  observer,  and  in  another  instance  an  organic  sen- 
sation served  the  same  purpose  for  Co.  who  notes  that  a  'thrill 
was  experienced  resulting  from  R,  as  significant,  and  this  dis- 
turbance was  held  over  till  Rj  came.'  The  acoustic  image  of 
R,  was  not  often  noted,  and  when  noted  it  did  not  seem  to  es- 
pecially Assist  in  discrimination.  Cr.  speaks  of  "A  clear  mem- 
ory image  but  it  did  not  help  comparison."     When  held  over 
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for  compaiiiion,  the  acoiuittc  image  frequcstly  took  some  other 
form  than  that  of  its  prototype:  Al.  several  times  says  that  the 
"tnemory  image"  15  continuous  between  R,  and  R,  and  this 
continuous  form  of  Tcproductton  of  momentary  stimuli,  is  Ere- 
queut  in  sound  and  tone  discrimination. 

It  is  evident  that  the  jmignicnts  gotten  from  experiments  nf 
this  kind  with  discrimination  of  such  simple  stimuli  as  sound 
and  shades  of  gtay  can  enter  only  in  piart,  and  perhaps  in  small 
part,  into  the  construction  of  a  theory  of  recognition.  In 
the  first  place,  most  of  the  judgments  of  "like"  ia  the  early 
stagesof  the  investigation  mnM  be  excluded  as  inferences.  Of 
course  it  was  only  at  the  beginning,  if  at  all,  that  these  infer- 
ences approximated  an  explicit  form,  such  as  "I  perceive  do 
diflrrence,  the  stimuli  must  be  alike."  They  quickly  became 
more  and  more  syncopated  and  condensed  until  they  existed  as 
an  abstract  Mate  of  Uaowing  (/if itustfAeit) — abstracted,  that 
is,  from  any  background  of  imagery  or  sensation,  acoustic, 
motor  or  otherwise.  But  that  in  this  vicariotis  form,  many  of 
the  judgments  were  still  essentially  inferences,  and  not  direct 
recognitions  is  shown  by  the  inductive  effect  of  the  "unlike" 
judgnient.t  which  formed,  so  to  speak,  the  major  premise  for  the 
condensed  iofcreoces. 

Even  with  the  abooltitc,  or  free  jadgments  we  have  to  do 
rather  with  cases  of  cognition  or  at  best  of  class  recognition 
than  with  the  rec<^nitlon  of  a  specific  impression.  The  ex- 
periment of  the  second  day  of  this  investigation  {viJg  p.  358) 
when,  after  having  delivered  but  39  jud>;men(son  these  sonnds, 
the  observers  were  able  to  compare  stimuli  with  a  norm  given 
two  days  previously,  shows  bow  quickly  the  stimuli  were 
classified. 

It  is  further  to  be  observed  that  in  discrimination  experi- 
ments where  a  definite  plan  of  response  to  stimuli  is  set  before 
the  observers,  a  state  of  affairs  ensues  which  is  very  unlike  the 
ordinary  conditions  of  recognition.  There  is,  for  example,  a 
greater  difl&reoce  betweeu  discrimination  of  tones  and  the  "ab- 
solute" recognhioa  of  a  lone  than  lies  in  the  relative  number 
of  terms  of  comparison.  In  his  article,  "Ueber  das  absolute 
Gehor"  (Z/  jRy..  III.  S,  »67)  J.  v.  Krics  wnlcs  that  -In 
the  first  place  it  can  come  to  pass  that  the  hearing  of  a  tone  can 
produce  in  me  immediately  a  certain  name,  say  t,  but  never- 
theless, I  am  left  in  a  state  of  doobt  as  to  whether  I  heard  c  or 
d.  On  the  other  hand,  recognition  is  not  excluded  by  the  &ct 
that  in  hearing  a  tone  I  feel  no  immediate  impulse  to  give  It  a 
definite  name."  This  is  a  very  diScrcnt  mental  condition  from 
that  of  which  Ach  gives  an  account  in  his  reaction  experiments 
indiscrimination.  (UebcrdicWillenstatigkeit  und das Denken, 
S.  88.)     He  says,  "After  the  sensation  had  developed,  especl- 
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ally  in  tbc  cose  of  th«  colored  cards,  the  name  of  the  color  in 
qoestioD,  red  or  yellow,  was  mentally  spoken  witli  a  certain 
affirmation  or  assent.  aAer  which  the  Gnger  came  up.  lo  other 
cases  bine  or  yellow  was  apprehended  as  colored  according  to 
tlie  language  of  the  tustruclioiis  and  after  this  the  motion  fol- 
lowed." 

In  the  present  investigation,  the  decision  on  the  compara- 
tive loodnessof  the  sounds,  became  practically  q  reaction  or 
response  to  the  second  sound  iu  terms  of  •'louder."  "softer,'* 
or  "lilce;"  these  terms  or  some  abstract  equivalent  for  them 
were  'nascent,'  to  use  a  Spencenanism.  and  when  the  com- 
parison sonnded  it  was  immediately  thought  of  as  under  one  of 
the  caUgories,'  Occasionally  it  was  classified  by  means  of 
some  sensory  sign, — resonance  for  example,  but  usually  the 
classification  resulted  without  sensor>-  or  ideative  basis. 

How  far  beyond  the  conventional  scheme  of  comparison  these 
processes  had  gone  is  shown  in  the  case  of  Observer  Cr.,  who 
dassified  the  sounds  as  unlike  on  the  basis  of  a  feeling  of 
fi>fniliarity  belonging  to  the  norm — the  recognition  of  one 
sound  thus  forming  the  criterion  of  a  diSeierence.  Bat 
the  judgments  of  "like"  in  discrimination  experimentn  with 
simple  stimuli  seem  to  be  rarely  recognitive;  they  are 
moat  osaally  based  on  inference  or  on  cognitive  classifica- 
tion, and  when  recognitive  they  are  more  apt  to  arise  from 
imagery  and  sensations  that  are  accidental  than  from  the 
stimuli  forming  the  direct  objects  of  dtscrimination. 

^Cf.  Whipple,  Dticriaiiaation  of   Claiig3  and  Tones  {,Am.  four. 
Piy-,  ",  p.  4«) 
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fttlUlnis  Sotvay.     Travaux  de  Sdciotogie.    Soles  tl  Mimoires.    Miitch 
et  Throii.  KiliteUT*.   Bruiellrs  ci  iCeipiig,  1906.  Faiciaile  1.    .\'ote 
tttr  dtt  Formult*  d'  IntroiiiutiiiH  a  I' EHetjf^tiaur  fihytia-  el  f>iyfJu>- 
todaUgifut.  Parll.  S01.VAV.    pp.16.  FatrirmU  i.    Esguiisf  d'unt 
Soeiologu.  p4r  Kun.x  Waxwbh.kr,     pp.  toS.    FatcicitU  j.    Let 
Originei  NalurtHfi  dt  Ut  ProprUU.  Essai  3e  Sofiologif  Comparie. 
Par  R.  PitTKUCCi.     pp.  xvi+M*.      /•aicicuU 4.     Smr  qufiqnts  Er- 
retin  de  Mithodf  dans  tF.ludt  dt    I'Hommt  PritHitif.    Nolet 
Critiques.    P«t  LoDiS  WoDON.    pp.  37.    FaififvU  $     L'Arytn  tt 
fAnlhropoMciohgit.     FtmU  CnUqut.    P«r  1e  D«.  ^Mii.8  llqirzi. 
pp.  117.    FasdaUf  6.  Mf^utt  dei  Capasitis  laielUHHtlU  tl  F.ner- 
gitique.    Noiet  d' Analyst  il,iluli&ue.    Par  Chaklis  Hknbv,  atrec 
ftentargur  additionnelU  ijiur  I'  tnterprilalion  Soeioiogiq"*  de  /s 
DislriSufion  del  Salairrt)  pat  b:Mti.R  Waxwhilxr.     pp-  77- 
Tlic  nuDiber  attd  extent  of  lis  publlvations  are  bq  inilication  of  tb« 
activity  of  the  recently  MtabHsbc<l"In»litut«Solr«y,*' one  of  tbe»cUn. 
tific  (n'uDdatlon*  of  tbe  ttrlKiaii  caplUtl.     Tbe  fimt  monograph,  by  the 
fottadcr  taiinseU.  is  an  itteuipt  loeoDilcnae  in  two  matheniatical  form- 
ul«  tbe  ph]r«ioloj{ical  ezpreiMon.  on  the  one  hand,  aad  tbe  ptycbo- 
logical  cxpreniou  (of  orf^anic  icactlo^B)  ou  the  otbcr,  of  the  life  of 
any  giT«n  iiolntcd    individual,  and  to  indicate   tbe   mod  16  cat  ion*  of 
these  formulic  ncccMnary  to  adapt  tbem  lo  the  cate  ot  an  iiidiridDBl 
DO  loRtEi't  itolatcd  by  living  in  tocial  relation*.     Society  1*  •otiii-ihini; 
more  tban  the  anm  of  a  nurabet  of  individtial*  and  the  produciive  In- 
tellectual capacity  of  each  intlividual    in  an   important  lutcfVcDlional 
factor.    Tbe  energy  of  a  tocial  ([roiip  Is  likvwitie  nnt  newly  anil  purely 
tbe  aum  of  the  ntilixable  individual  enctKici  of  the  people  composinc 
it.     ThcKoalol  M.  Solray'o  aocioloity  10  "to  reduce  to  fuDdanteotal 
pbyslco-clietnical  action*,  tlxv  ensemUe  oi  blotof[ical  and  toclological 
pbenomena." 

Id  his  "Dntlinca  of  SocioloKy,"  Emlle  Waxnciler.  whoiaa  profeaaor 
of  tbe  Uoiversity  of  Brutael*.  treat*,  in  tbe  first  part,  of  kOciolOKI* 
(adaptation  to  environmcot.  HviuK  "•'lief  and  aocial  miliea,  sociolog- 
ical pbenomena  in  cooipnrativc  aociol«Ky)  and,  in  tbe  aecond.  aoclo- 
IokIcaI  aiialyais  (*ources  and  method,  aoclfll  formation,  *ocial  aptj- 
ttMM.  activities  and  sriicrftie*),  Profeaaot  Waxwcilcr  definea  "toclal 
ethology."  or  "iiociolo;;y,"  *lnce  that  term  ntrcady  exist*,  aa  "the 
•cience,  or  ratbtr,  tbe  pbjrHJoloKr  of  the  [«KCiloual  i>beuomriia  due  to 
tbe  mnlaal  excitations  of  iudlviduals  of  tbe  same  species  without  dla- 
tinction  of  icx."  Tbe  batisof  aocial  affinity  ia  tbe  ''imprcaaion  of  or- 
ganic UkcoeM  (aimllltude)."  and  the  evolution  of  tnan'a  nervous  aya- 
tem  has  determined   characteristic  pbeuomena  from  the  socio! 0{i:ical 

Klnt  of  view,— "tbe  faculty  of  perceiving;  inier-indlTidually  specific 
leiteM  of  oixatiixatiuQ  proceed*  on  a  par  with  what  i6calle<ltb« 
maniftBtatiotis  oi  intelligence.  1.  ^.,  witb  tbe  complexity  of  the  ner- 
Tons  system"  ;  p,  74),  More  and  more  has  man  become  "the  animal 
formed  by  tbe  oibrr  iiulividDal*  of  hi*  *peeic<t."  Tbe  author  "tylea 
primitive  "llioie  men,  who,  with  regard  to  the  greatest  mesologicat 
complexity  attained  at  a  Kiveu  epoch,  bare  remained  at  an  elcmeutarr 
stage  of  tbe  development  of  their  acBalbility  (or,  la  other  word*,  ibeir 
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ituctioual  potentlalil)')."  Knd  eivilisfd,  "thow  wbo  have  pat  thti 
potcntiBlitir  in  oniton  with  ili«  ranety  of  environ  men  Ml  atimall." 

Soci»kiltty.  "thf  liaman  a]>i»tBil*'  for  itocUl  inipTraaioa."  bcloojta 
properly  to  mHn  Htone,  Prof.  Waiweilcr  acrcpls  the  retapitnlBtioa 
theorr  and  bold*  that  ''Ibc  peoplci  who  hoTc  remained  close  to  the  isi- 
lial  mnmeut  of  iih<rletl<-  trolutloti  ate  more  ttke  the  child  of  tbe  drl- 
liicd  iiiHii  than  like  the  diHtiied  nian  biaitclf "  (p.  iii).  The  "MKiA] 
persDiialitT"  of  an  ludiridual  cooniit*  of  three  element*. — "an  en- 
semiU  of  physlntl  kdoptatloa*,  an  ftistmile  of  paychic  adaptattona, 
and  a  son  of  "mental  plant"  (oi  stock  of  tools,  etc.),— this  might  bet- 
ter, j>erbaM,  be  termed  idiotrofun  than  social  ^nonalily.  Wben 
the  ladivldual  lias  i-otupleted  hit  tdncatton  (in  sofiabUily  e»pectall}r) 
be  hai  a^aired  ■  certain  repreaentatioti  of  tbe  other  iodlvidnala  of 
hi*  ipecica,  a  repreaeutatiOD  wblcb  la  "cMentially  polrmorpbic" 
(p.  ijo).  The  pheoomena  of  mental  parallellam  (telepathy)  ren  apOd 
•ocial  »yaethia.  leadjag  to  coincidence  of  intailloni.  In  accordance 
with  the  developnirDt  of  man'*  Mnitbility  and  tbe  increase  of  the  vo- 
dAl  polymorph  ism  due  to  the  intcnsificatioD  of  cullnre.  the  desire  of 
tbe  Like  eeolns  towards  a  form  implying  now  unly  oocasio&al  and 
anhe  elective  rapfrotMentenls.  The  most  complete  human  tvpe  to- 
day i*.  that  of  tbe  "iixlividust  who  liDds  hlu»elf  •KaLn'  In  the  Ica^tt 
part  in  a  large  nnmber  of  his  fellows,  towards  wbom  he  feels  himaetl 
drawn  by  liTely  impulses,  but  who  does  not  'find  himself  agaiD'  com- 
pletely, or  even.  In  Isrue  p*rt.  In  anjr  oue."  Tbe  only  activilica  of 
the  inrliridnal  which  interest  the  sociologist  are  his  eitemal  Hdivl- 
ties,  and  those  only  in  so  far  as  they  "produce  eScctivcly  in  another 
indiridual  of  tbe  same  species,  withnnt  dltlitiction  of  acz.  a  certain 
reaction"  (p.  169).  Activities  arc  diitinitnished  as  conjonctke,  pra- 
teclire.  iojuriou*.  conipetitirc,  diTulentivc,  ercKaiion*,  repetitive,  ini> 
tiatlre,  acqaisitivc,  selcctiTe;  tbe  tocial  synergies  a  conformity,  loter- 
depesdencc,  ceptialiiation,  c<»'Ordioalion,  conscience,  etc.  There  ii 
mnch  interesting  matter  in  thie  volume  and  the  biblioerapby  (page* 
397-.to6,  a  cols,  to  page!  proves  the  author's  wide  readiuK. — be  Ms 
made  good  use  of  the  ndagocual  Seminary  aaA  the  wTidngs  of 
American  devotees  of  "child  stnily."  Bnt  for  all  this  hi*  book  b,  h 
he  (erma  it,  properly  enough,  "a  sketch."  A  nsefol  feature  ll  tb* 
"aociologicat  dictionary  (pases  3Si'395j  containing  some  1,100  tenne 
wilboDi  definitions,  of  more  or  leM  itociological  Import,  gleaned  from 
the  vocabulary  of  tbe  French  language. 

R.Petrncci's  essay  in  comparative  psycbolosy,  "The  Natural  Origins 
of  Property."  treat*  in  lar([c  nieaanrc  of  the  {dc«of  property  in  tbe  in- 
fre-hutnan  world  of  life  (pages  i-77)  and  then,  lesa  extensively,  of  Ita 
first  developments  in  man.  The  earliest  form  of  property  is  the  peej' 
oblaiued  by  the  unkellular  organism  by  rra*on  of  the  needs  of  nntn- 
tion.  At  t'bls  biological  si>);e  we  meet  also  the  permanciit  or  irvoA- 
tory  colonial  oi];sniiiiiion  of  unicellular  nuimal*,  on  which  is  grafted 
a  sort  of  primdive  form  of  property  of  the  "family  type-"  Even  in 
the  vegetable  world,  however  paradoxical  it  may  seem  at  first,  an  an- 
alogons  state  of  affairs  exists,  the  posaessiou  of  the  soil  by  plants  in- 
dlvidnally  and  collectively  constttQlie);  "properly"  o(  the  two  kinds 
in  question.  Tbe  development  of  these  forms  of  prooertv  is  tr*ced  by 
tbe  anlbor  in  tbe  molluscs  and  worms,  insects,  nraclmid*,  ctnttaces. 
fishes,  reptile*  and  batrachisBt.  birds  and  tijammlfcrs  and  man  (only 
tbe  primitive  hunting  and  pMtotal  BtaK<^s  being  considered,  as  tbey 
present  the  sitnplot  forma  of  haman  property,  nnd  tbe  discnMion  of 
tbe  jnrldlc*!  form*  of  property  lies  outsMe  the  ocopc  of  the  work). 
Tbe  contmat  between  theemshing  colteetlvism  of  certain  ioiecls  and 
tbe  grester  significance  of  the  individual  and  the  family  ainoDg  tbe 
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rcftebrste*  in  empfa>»b:e:I.  In  the  birds  are  to  be  tren  Ibe  (oremn- 
nets  of  indtTidnnl.  fainit^  and  group  property,  Ibe  further  dcrclop- 
tnciit  of  wbich  cbaroctetixea  tb«  mmnmals.  The  chapter  on  "The 
Firat  Pornta  o(  Pfopctty  in  Man"  (pages  179-J18)  is  noi  rcry  sati*(nc- 
torv,  as  the  IJat  of  authorlticacilca  (pp.  xiv-zv)  would  nlnioit  iicren- 
■anly  imptjr.  Before  an  exact  alatetneul  of  the  tans  ol  piopuity 
amoitK  prlmitiTC  pcoplea  can  be  made,  certainlr  the  record*  ol  Ibe  Ju- 
veitiKBiiuus  of  the  experts  of  tbe  Hareau  of  RthiioloKy.  the  Jcatip 
North  Pacific  Expeditiou  and  oiher  equally  valoable  ftt(i(Ii«*  coti«ern- 
ing  some  of  tbclcaat  civilized  and  most  primitive  people,  of  the  world, 
must  be  thOTOoghlv  digested.  Sucli  rcaeaicbei  na  that  of  I>r.  Jcnki 
on  the  wild-rice  and  its  nse  by  tbi-  Inillan*  of  North  America.  Boaa' 
brief  ac<^nint  of  property- in arkii  amotiK  the  Alaikaa  E*ktmo,  etc.,  are 
aigaificaac  here.  The  lelatioiiof  "hochcloia'  houtct."  pubcrty-cabina 
and  other  isolation  places  for  tarn  uud  women  at  vacuous  pectoila  ol 
life  to  the  general  iiiitituiiona  of  primitive  man  oceil*  more  careful 
alndy;  alwo  the  relation  helweea  puhcrty,  cic..  and  ari-produt-tion  a« 
connected  with  properly. sense.  Accorditig  to  Pctrucci.  the  uncivil, 
iced  people*  exhibit  csaential  cbantcteristics  already  aeen  in  tHeaui- 
mala  rictow  oiaa :  food-rcacrvc,  1iuiitini,'')(rouiid.  poaacMion  of  ahaltcr, 
all  these  are  grouped  according  to  the  aan)«  individual,  familial,  co1> 
lective  farmi.  With  man  individital  property  appears  in  weapons, 
toola  and  clolhinK,  while  the  family-iide  of  properly  in  found  in  the 
•belter  (dwelling  house)  and  the  collective  or  gioay  aspect  in  the 
bnRtinKBTOOnd  and  icrritory  exploited,  but  ihrse  distinctions  have 
no  Impassible  Iftnlla.  The  greatcat  element  of  perfectibility  poocaaed 
by  primitive  man,  uccordinK  to  the  author,  1*  "the  weapon  and  the 
tool,  which,  in  the  heKinning  are  one  and  the  same."  The  nermnncut 
ntlluHtiou  and  the  itupcovcuu-iit  of  wcapoDa  aod  tooU  ana  tb«  adap- 
tation of  clothing  as  a  sort  of  defense  against  the  environment, 
•paring  at  the  uimc  time  his  organic  activity,  arc  some  of  tbcchicf  ad- 
vantages of  man  over  tile  other  aiiiruats.  Man'a  hand  and  Its  "pro- 
loosatioa"  in  the  tool  and  weapon  made  primitive  property  a  fact. 
Things  that  arc  merely  iranaienl  with  the  nninml*  have  tieeaine  Used 
and  permanent  with  uiaii.  Among  other  Ihings.  PetrnccI  holds  that 
the  family  is  not  a  social  unit,  but  "a  formation  ^rr  5^,"  that  social 
CTOlntion  is  not  bound  up  with  organic  erolntion,  nor  is  the  social 
pIWDOsicoon  connecie>I  directly  with  Intdleciual  evolution.  In  a 
chart-appendix  is  given  a  conspectus  of  the  "comparative  sociology  of 
tbe  pbcaoBMna  of  property." 

ProlMaor  Wodon'a"BrToraof  Method  in  the  Study  of  Primitive  Mao" 
is  an  incomplete  and  rather  an*ucc«Hful  effort  to  controvert  the  prin' 
cipal  thoc*  in  lllichcr's  /fit  Enlslehung  d^r  WirtschafI  nn<l  Arbttt 
tind  Rhylhmhi.  The  views  of  Bucbct.  which  arc  parlicularly  aiiiag> 
oaiied.  ore  the  general  theory  of  the  non. economic  and  uon- industrial 
character  of  the  condition  of  primitive  man  (Wodou  ntylc*  it  "eco- 
nomic rheoi);"  the  doctrine  01  the  economic  aeparatiou  of  the  seica 
(Wodon  maintains,  f.  g.,  that,  in  the  case  of  the  Indians  o[  the  Xingn 
in  Btiuil.  where  sexdiitiDCtions  in  labor  are  reported  to  exist.  Ibe 
distribution  of  work  between  the  seiea  is  really  in  correlation  with 
their  natural  aptittidea;  Ibe  dlTision  of  labor  in  rogue  h«rc  baa  noth- 
ing in  common  with  tbe  "isolation"  of  B3cher);  and  tbe  theory  that 
work  lias  developed  ant  of  non-work,  play  and  art  having  existed  be- 
fore the  serious  activities  to  which  tbe  uam«  of  "work"  may  be  given, 
while,  rhythm  has  been  one  of  the  principal  economic  factors  of  ero- 
latlon.  In  comhatiing  Biicher,  Wodon  mnUei  good  use  of  the  mate- 
rial in  Groase's  Die  An/Sngt  dtr  Knnit  and  Dit  Formen  dtr  Famitie. 
According  to  tbe  aatbor,  BUcbef's  primitive  man  b  ''a  mere  phantom. 
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IcM  re»I  even  Ihin  ibc  homo  oeeomomiais  of  the  claMlc  economiiU," 
But  iblR  con  t*' lit  Ion  tm^o  mnch  moTc  proof  iban  U  TOuchMfcd  in  ihif 
tmaXX  DumogTkpb. 

TlwutklMof  C.  Henry  kad  tbe  "NoU"  of  B.  Waxwcilei  are  math- 
cmatlcal  ■ladies  of  the  aociotoKical  piobleiu  of  the  lucaaaremeot  of 
tlie  iutelieciual  ami  "eDi;n(el>c"  cap»L-i[ic»  of  a  Kiveo  collcctivilv. 
The  three  paper*  of  Henry  treat  reapectively  of  "the  criteriam  o(  u. 
rcdncibliity  of  HtaiUiical  fn$fmblts."  "The  decompoaitioil  of  pseudo- 
blnomlal  curve*  into  biuomial  caiTca."  aail  "coles  «t  mesarM. "  Dr. 
B.  H0U16,  tbe  author  of  tbe  mooograpb  on  "The  kry&a  aiul  Antbro- 
po-COCJoloK)',"  id  Profr-UOT  of  ADthropi>lof(7  at  the  UniTcraity  of  Bma- 
•els,  and  hii  aim  it  to  aliow  that  toe  "so-ratlecl  Aryan"  U  "not  * 
primitive  people,  but  an  invention  of  the  sindy-room."  Add  Ibkt 
"antbcopo-tocloloKy"  and  ila  allcKcd  "law«"  arc  based  on  "(noda- 
DwnWt  eiroT*.  itatlntical,  anatofiiTcal,  pbj*tolo)cicsl,  piKycfaoloefcal 
and  kUlorical."  In  the  lint  part  of  bis  atndy  Proftssor  Home  dia- 
cninei  ibc  "Aiyan"  from  Ihe  liogaiitic.  btstoricnl.  archicolagical  and 
anihropoloKicai  poinia  of  view,  tEOcblut;  tbe  couclution  iliat.  after  att 
"there  it  no  Aryan  queitioa,"  and  that  il  is  abaiird  to  reeof;ntie  among 
the  Tnrinua  peoples  of  Hucope  "one  human  type  unpetior  to  all  other* 
and  M«r  factor  in  all  civil jiaiioiis  "  TlieniorpbolOKical  Aryan  does  not 
exist:  never  has  eiiaicd;  and  archueoloKic  search  fof  him  it  utterly 
vaio.  Arian  linKuinties  ii  a  deceitful  tiling  and  ba*  been  rcsponiible 
(or  many  vaKatios  of  "science-''  Kutope  lias  been  Ihc  scene  of  tfae 
derelopinent  o(  iDlere*tinf>  form*  of  hnnian  cnUiire,  hnt  their  inapira- 
IJon  ha*  not  been  cbieAy  "Aryan"  nor  Asiatic.  The  second  pan  of 
tbt  luouoKraph  i«  devoted  to  "antbropolojiy,"  and  in  it  the  author 
point*  out  that  just  as  all  civilization*  have  been  produced  by  people* 
and  not  by  ipecinl  lvpc>.  the  vbIqc  of  inletlixecce  can  nerer  be  re- 
vraleil  by  eiamiuHtioiis  of  binnan  skiills; — all  tbeories  seeking  to 
make  psycho- physioloKical  dcilnction*  from  craniometry  are  necessa- 
rily false.  The  "pacudo-anihropolotrj"  of  Lapoutfe  and  hts  school 
receiYvsapccialattcnlioDin  the  third  section,  on  "anthropo-socioiocy," 
which  is  styled  n  futile  attempt  to  mix  two  distinct  sciences.  Tbia 
book  is  intercBlinKreadin);  for  those  amonx  ooraelvea  who  have  added 
to  the  "Aryan"  tiv  iTiiagiiiiiiij  an  "Aiifjlo-Sason"  as  ibc  goal  of  bla 
complete  development,  One  is  as  non-existent  as  tbe  otb«r,  it  we  be- 
lieve Hous&  Alxxanukr  P-  Ciiamiikklaik. 

VAgrandissenient  et  In  PcoxiniitJApparentesde  la  Lnnek  I.'Horiioa. 
VA.  ClnpatMr.     Archives  de  Psycholo)(ie.  1906,  V,  tat-tt6. 

Preliminary  to  presentini;  hi*  own  views Claparijde  reviews  previoas 
theories  put  forward  to  sccouot  for  the  fact  that  tbe  ntoon  apjtears 
IntKC'  at  Ihc  boritou  than  st  the  icnith. 

The  theories  he  diicussca  aod  puts  aside  as  false  or  inadequate  are  re- 
fraction. Dupilary  iliUtton,  fall  of  the  crystalline  lens,  compariaoii, 
contrast,  direction  of  ihcKtaace,  ovcrestimaiiooof  an^jlcs,  n-cakneasof 
peripheral  vision,  further  distance  at  horiion.  The  last  theorv  seems 
to  bim  the  most  tenable  and  he  explains  it  in  some  detail.  It  aepcods 
on  the  well  established  law  of  vision  that  for  a  ctvrn  retinal  image  the 
object  corrcspundlng  to  that  linage  seem*  larger  where  it  is  judged 
more  distant.  The  moon  is  judged  fnrtber  away  at  tbe  horiton  and 
hence  is  seen  larger.  But  against  thi*.  ClaparMe  brings  forward  a 
series  of  ezporlmeuts  made  by  hlwselt.  and  others  by  Zoth,  *h owing 
that  to  laoout  of  115  peisone  tbe  moon  appears  not  fnttber  away  at 
the  horlM}n  but  much  nearer. 

In  order  to  hold  the  clasalc  explanation  and  at  the  same  lime  K- 
connt  for  the  (act  as  established  by  ClaparMe'a  esperimeot*  that  the 
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mooa  ■!  the  borlton  *ppear»  nearer,  we  maax  suppose  thftt  two  CSB- 
tTBdlctory  jndgiDCiit*  am  uke  pUcc  in  the  Mtiie  mind  at  tlio  MflM 
time:— fint,  tbc  moon  at  the  horlxoo  H  more  dlsMai  and  therc(i>r«  fs 
■MD  tar([«r,  and  accond,  the  mooa  is  larger  and  therelorif  nearer. 

By  means  ol  an  experiment  with  Mctcoacopic  ima£e*  obtained  by 
canvcrgcucc  and  divergence.  Clapari^de  found  ttiat  the  imtj^e  of  diver- 
I^Qce  whicli  1*  judKcd  (urtber  away  and  therefore  seen  iBrj^er,  at 
times  appesred  neater  than  the  image  of  convergence,  Ihnn  prorwg 
the  poiaibility  of  two  contradictory  judKUteuta  takltig  plaoe  at  tM 
same  time. 

Bot  even  tbough  ttiii  b«  so,  the  hypothesis  ■ecms  improbable  and 
ClaparMe  Is  led  to  look  forthceaascof  the  tlluaion  in  another sphan^ 
in  tne  te^oa  of  aflvctiaa  rather  than  of  mere  perception.  Qur  affectJTC 
attitude  in  perceiving  the  moon  at  the  horizon  differs  from  that  ta 
pcrccivicft  the  moon  nt  the  zenith.  In  the  ^rst  cote  we  regard  the 
moou  oa  a  tcricatrlal  object  either  becaiKe  It  is  not  at  tintl  reco^iz«d 
or  becauM  it  la  in  the  terrestrial  lone.  Now  objects  in  the  tcrrcatrial 
tone  Jntereat  II S  more  than  objects  in  the  sky.  This  change  in  Im- 
pOftaacc  we  iraQalale  into  •  chan^  in  aiic.  B«cao>«  the  moon  at- 
tTMta  more  attention  at  the  hoHion,  we  see  it  tartter. 

To  estubtiah  this  factor.  ClaporMc  experimented  with  n  piclnre  in 
wfairh  two  moon*  appear,  one  at  the  h<Hii:on,  the  other  at  the  lenith, 
and  caused  each  to  dtsappeitT  In  turn  by  means  of  a  small  black  disk 
pnt  over  it.    Fourteen  out  of  tweaty  penooawhn  observed  the  picture 

Sot  thcillutionof  the  moon  nt  the  horlxoo  as  larger.  Hete  neither 
Istaoce,  [orm  of  the  tky.  direction  of  the  glance  could  play  the  least 
T61e.  The  affective  factor  must  have  been  the  only  one  operative  to 
cause  the  illusion. 

But  fonrteca  affirmative  judgmenu  ooi  of  twenty  is  not  aulBcietit  to 
eatabliah  any  conclnsioa.  The  outcome  of  the  paper  boa  been  simply 
to  leave  the  problem  richer  by  two  nnprorcd  hypolheaes. 

Bryn  Mawr  Colte);c.  V,  RoBimoif. 

Die  Schdtzang  pen  Bewrgnngsgr^ieH  M  yodfrafJitbwegtiHgen.    Ro»* 
wxu,  V.  A-NCIXK.     Zeita.  tT  Pay.,  1905,  Vol.  XXXIX,  pp.  4>»^447* 

The  movement*  atudied  were  of  the  elbow  joint  only,  with  the  arm 
BIOtIbk  horixonullv.  The  movement*  compared  were  alwa^-s  in  the 
same  direction  and  between  objective  liinitt.  Theitlstaiicea  varied  be- 
tween 9.1  cm.  and  10.8  cm.  with  one  of  the  two  distances  compared  a|. 
waysiocm.  Angjer  was  the  only  subject.  Several  sctieaofcxpctimcnt* 
were  made  (alwava  with  clotcd  eyes)  to  teAt  the  influence  on  the  dl»- 
crimination  aeoMbility  of  dllfcrcnccti  In  rapidity,  in  rvsistunce.  in  posi- 
tion of  the  starting  points  of  the  movement*  compared  and  also  to 
compare  the  precision  of  judgment  ID  active  and  In  passive  mare* 
ment*. 

Hia  results  are  summarized  as  follows:  The  ptecision  with  which 
lattph  of  movement  is  eatittiatcd  (at  leatt  in  the  caiie  of  the  exneri- 
menler }  is  ailcctcd  neither  by  resistance  nor  by  change  in  the  posillou 
of  the  arm  (provided  new  mii*c]e»  be  not  brought  into  play),  nor  yd 
by  the  paEsivity  of  the  movement.  A  conatant  error  is.  however,  in- 
troduci-d  when  the  velocity  of  the  comparison  movement  ia  made 
greater  than  that  of  the  standnrd.  In  that  case,  the  comparison  more- 
mcnl  ia  ovcretttmated  in  9>%ol  the  wrong  judgment*.  For  passive 
movement*  the  proportion  riacs  to  94%.  In  these  comparisons  th« 
stanclani  movement  vras  made  at  a  rate  called  'natnral'  by  the  anthor. 
I  The  concln«ioDs  of  previous  ex  peri  men  ten  agree  with  these,  or  at 

I  lea«t  do  not  contradict  them,  witli   regartl  to  resistance,  position  and 

I  passivity.    On  the  qaeation  of  velocity,  however,  DeUbarre  and  Loeb 
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Tcachcil  <lir«cl]yoppcMitc  ccmclasioii*.  Tbcj  fonoil  itui  qclcklj'  made 
tDoTctoents  were  acdcreiiiniBtcd.  Falk  ^nncd  Utat  tbe  velocilj 
w*«  witliODt  tnfiuence  or  tbe  (''ilgment  of  length. 

In  ■tlempttajt  to  accouDl  foT  the  ci>D*taiit  crrar  dna  to  TclocJtjr, 
Angier  remarks  that  it  caaoot  be  due  to  the  »ttooger  mnKiilar  coo- 
tiactioii  which  lakes  p]iK-c  ia  iwiflcr  movemeitts.  aiDce  tbe  ulii«  etror 
appear*  when  the  mOTemeal*  an  paa)<ivc.  Hi-  Bail*  Ibc  aonrce  ol  tbe 
error  in  the  efiect  ot  Ibe  greater  tqoiseDtiim  of  the  rapidly  moTiiig 
mttn.  Oa  comtiif;  iii  coatact  with  the  liBiitinK  obfccia,  a  tort  ol  re- 
boand  takes  plac«.  tbe  ODtconie  of  whtch  la  au  'Irrsdlatfon  of  atltsa- 
lu*'  in  tbe  joint,  hence  the  oxereatimatioa.  But.  bowCTcr  one  majr 
UtMiBt  for  the  TClocitT-reanlta  of  Anfpcr.  hii  ezpcrimenti  aa  well  a* 
tbOM  ol  liW  prcdeccMor*  (Bloch.KraoKr  Mot-kicwifi,  and  Falk).  con- 
firm the  GODclnakm  of  Goldachcider  that  tbe  )adginent  o(  length  ol 
aavciBent  dependa  eaaentUlly  npoB  lolnt-aesMtiom. 

Tbe  iaTcatl|^ttoBa  of  Angler  and  of  bia  predtceaioni  leave  maeb  to 
be  deaired  on  the  score  of  accntacj'  in  the  uetermi nation  of  the  reloc- 
ity.  Anzier  tucd  a  metroDomc  lo  time  hiraaclf;  the  olheraapparentlj 
did  th«  Dr*t  they  could  wiihont  tbe  help  of  any  apparatu*.  Fnrtbtr 
progrtaa  la  the  »tudy  of  constant  relocitT -errors  will  depend,  It  aeema. 
npon  ■  mctbod  which  will  make  pouible  riu-i  tneatttretncnt  of  the 
rate  of  motloB  and  upon  a  wider  rantie  oi  riiJ^TinirDiatian  with  re- 
gard to  length  and  direction  of  the  movemcsta  compared. 

Bryn  Mawr  College.  Jamms  H.  I,itDii*. 

Stx  an4  Sodely.  atndiea  in  the  aoctal  ptyctaoloKT  ol  aex.  By  W.  I. 
Tbohas.  Ualreralty  of  ChicHKO  Free*.  1907.  pp.  335. 
The  nine  paper*  here  printed  are  eiaentially  disconnected.  baTtng 
all  been  picviously  piiDtc^l  in  journatt,  mc^iol  them  iu  tbe  American 
Jonrnal  of  Sociology.  They  are  of  extremely  diSerent  degrees  of 
merit.  In  the  chapter  on  tbe  paycbology  of  siodeiiy  and  clothing. 
Ihcautbor  ihow^  n  rcKietable  ignorance  ot  tbe  tx-di  literature  on  tbe 
•abject,  allhosgb  he  make*  one  or  two  intetestiiiK  and  novel  auugea- 
liona.  The  aiivcntnroaa  character  of  women  ii  made  ap  of  certain  re- 
flectioiiK  of  the  atithor  and  1«  the  moU  orieinal  chapter  In  the  book. 
In  the  mind  of  man  and  tbe  lower  r*ce»  ajjiain  tbe  author  ibowsttrange 
iKnomnce  of  the  beat  literattire  upon  this  subject,  althongb  some  of 
\\\*  ■tiKK^"!*"""  are  fresh.  The  cbaMcr*OB  the  relations  between  MX, 
piiuiitive;ni!u»try  and  moratUy  areiateteMltsi^cotiipeiid*.  As  a  whole 
the  author  showi  a  nniijae  coisbinatton  of  freabneai  of  thought  and 
partial  scboUrshlp  that  is  rather  choiact eristic  of  what  is  popniarly 
thought  to  Ihc  Western  typeof  mind.  Here,  be  xlides  snioolbly  arer 
waters,  the  depth  of  which  he  does  not  dream  and  his  remark*  are 
trite  and  commonplace  in  the  extreme.  A  few  pages  later,  he  dropgi 
•OM^tio'M  that  are  well  ca1cnUtr<l  to  (llmulale  new  IhoiiKbt.  Tlie 
HIBor  probably  made    no  cfii'rt  to  cover  in  any  systematic  way  tbe 

Gland  deaignated  bv  his  title.  Tbe  critic  is  therefore  somewhat 
Mod  between  a  deaiie  to  congratulate  and  praise  aud  the  »ease  that 
he  ou|;ht  to  censure.  The  title  of  tbe  book  is  suggestive  of  far  more 
than  It  coQtaiat  and  this  leave*  the  writer  and  tbe  pubiUher  somewhat 
open  to  the  suspicion  of  bclog  undnly  anxious  (o  produce  aomcthlsg 
that  won  Id  sell. 

DU Akltatmmung  del  Sienuken  nmddie  HegtH^ungenteinfr  Bnla.'ick- 

etmmg  FUr  Naturforscker  Arize  und  £rbildtU  Laiem  dargesUlU 

von  PR,  MoxiTt  Alssxxc.    T.  U.  Fisher.  CattscI,  190a.    pp.  uS- 

The  writer  seeks  to  show  that  there  can  be  no  doubt  of  a  former 

dilnvial  man  of  low  cnltnre.  quite  distinct  from  modem  race*.    Man 

Is  not  at  the  bead  of  the  animal  kingdom  in  all  p«rt*  of  hii  organiu- 
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tloD,  Dor  it  the  pithecantliropus  tli«  direct  piedecetiaor  of  modem 
num.  The  dcrelopmeat  at  the  Utter  can  be  traced  to  a  rcUiJvely  tow 
dcTclopoictilal  (ta£«  of  niamuialUD  life.  Man  1«  a  branch  of  a  tree 
wbtGh  jcrew  to  con  aid  crabte  he  iebt  without  branches.  Migiationa  of 
primitive  VKa  probably  fEttTC  the  fiiit  impal»c  to  the  olde*t  racial 
typcR.  Tbc  tmaller  otature  of  woineu  has  nothing  lo  do  with  the  dif- 
ferent aocial  position*  in  (he  past. 

7^  Biotogy-  nytiotogy  and  Soeiolozy  of  Reproduetion;  atao  Sextial 

Hjfclcne  with  •peclal  reference  to  the  male.    By  WtNFatu>  8. 

Hau,,  1906.     Herbert  A.  Ray,  Chicago,  1906.     pp.  ijS. 

The  nnthor  treats  tcprodactlon,  easentially  (rout  the  standpoint  of 

biology  and  k'vt^  an  iiitrodactoty  chapter  Ircatitif;  of  eKoiitic  and 

phyletic  activities  and  sacrifice*  and  compeusation  in  both  these  field*. 

The  rcariDK  of  vonng  always  involves  sacrifice  ond  should  be  met  con- 

aciouMy  ill  the  interest* of  the  race.    ThcacoondchainerdcKrlbes  the 

physical  and  psychical  cbai:);es  connected   with  adolescence.      The 

third  is  devoted   lo  the  onatotiiy  and   pbysiologv  of  the  male  orKaui 

and  the  last  tothcteiQal  hyjciencof  the  adoleiKe»'t  male  with  extremely 

Elain  talk  upon  illicit  intercourse,  sexual  dlscaaes,  contioenct,  diet, 
atha,  exercise,  sleep  and  tbc  control  of  these.  lu  an  inlefeatisg  ap- 
pcodts,  typical  tjuetiiious  ■clecte<!  from  thoac  actually  aaked  tti«  lec* 
turar  hjp  young  men  are  answcrvd.  The  book  certAinlj  bu  ibc  merita 
of  brevity  and  of  plaioneis. 

Der  MfHSf*  tttd  seine  T^eht  ikrem  Vatn  naek  getehtldtH,  von 
Pxm  RL-MPf.  MIt  39  Tafelu.  Alfred  Schall,  Berlin,  1905. 
PP-330- 
This  worlt  is  of  very  great  valne.  The  author  has  ffone  very 
deeply  into  his  subject  and  the  few  doicn  cnt*  at  tbc  end  of  the  book 
are  well  chosen  from  a  maa*  of  poMtbte  nelecilons  so  eait  a*  to  make 
choice  banl.  Oar  chief  cilliciam  of  the  work  i*  that  it  is  orer-sya- 
tematlaed.  For  instance,  his  main  divisions  arc  cosinmea  for  pilgrims, 
•oldlera,  Tocalioa*  and  society.  Pitgiim's  costumes  are  clnsslCcd  aa 
for  warmlb,  forcoolncM,  for  dryness  Hud  for  health.  Soldiers'  cos- 
tumes arc  for  fliKhl.  defence,  capture,  battle,  strikinx.  tbrastiQi;. 
The  utility  garb*  are  for  huntinj;,  herding,  haitding,  travel,  unifor- 
mity. The  social  coslomes  are  those  thai  distiuKiiiiii  sex.  race.  rank, 
asaociatioiia.  etc.  AmonK  the  supplementary  costumeo  arc  those  that 
appeal  10  the  car.  note.  laiite.  touch.  The  author's  historic  stndlM 
hare  been  estenaive  and  careful.  The  work  is  written  rather  man 
from  an  anthropological  than  from  a  philoaophicnl  as  psjchologkal 
stand  point. 

Die  Sthep/umgilaeft  Umritse  :u  ein^  Emtwuktlungigitchithlt  der 
Kalur.  Vou  WiuiULU  B<>i.m:uh.  mit  ichn  Bildcm  nacb  Original - 
leichnnngcn  Ton  Uciurich  Harder,  Carl  Rejianer,  Dreadcn,  1906. 
pp.88. 

Within  the  laat  few  year*  we  hare  had  ■  number  of  latercating 
attempts  to  present  a  brief  oatliae  of  erolnlion  to  school  children. 
This  aeems  to  the  writer  the  most  snccessful  of  the  few  doxen  or  M 
that  bare  yet  appeared  and  that  huvc  come  within  bis  koowledge.  but 
nerertheteas,  t»  Ik  slill  undatiafnctory.  It  ought  to  come  fully  down 
to  man  and  to  onr  thmklng  to  be  even  moic  fully  illustraled  than  by 
Ibe  tea  full  page  cuts  here  found.  This  field  Is  fall  of  a  kind  of  loom- 
ing mystic  mnguitnde  and  hence  we  can  think  of  no  domain  in  which 
the  Bcientific  imngiuation  both  for  artist  and  writer  shotiM  have  freer 
•cope.  It  is  this  aspect  of  the  work  that  seems  to  us  chiefiy  lacking 
in  all  the  iMoklcis  of  this  class  and  it  ia  toward  this  geucial  charac- 
terisatlon  that  erolntionary  principle*  arc  slowly  pro};rc*altig. 
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The  Law  of  Snggtstion,  a  enrnpendium  for  th*  pe«pU.  By  Rjcv, 
Stani.k^- l.r.f  RVRi!  Krkiis,  ScictiM  Pt«H.  Cbic4Eo.  1936.  pp.  157. 
This  little  book  sketches  the  aacieat  hUtory  of  *D|r|;e*tioD  wUh  re- 
cent cipcTimcnls  anil  ilMctibes  method* of  hypROtlzlaf^and  of  adnim- 
istetioK  iiaKXfilioti.  cbe  u«e  of  lailirect.  positive  >iid  negative  aagifcst- 
ion,  Tcfuteft  objectiout.  deicribes  dangers  and  in  the  laal  cbfipter 
deacribea  tome  extraordJiuirT  pbetioiitcna.  TUc  «'ttA  law  is  iteratioD, 
a  law  known  to  adrertiKr*  and  moralists.  By  Intisiing  ia  Knaon  and 
ont  of  season  tipon  tbe  rlgbt  precepts,  oondnct  UimIi  to  work  oat 
cbarai^ter  along  the  same  tioM.  Moat  daBKer*  are  tmavitiary.  Tbe 
author  give*  lour  lulcs  ior  tbe  nract<c«  o(  aart-control.  Tbey  are  to  alt 
atill,  atand  atill.  look  atill  and  be  atill  for  two  minntes  cMb. 

Esini  turtet  PastioMt.xoix  Tii.'Biin<rt.  Palix  Aleao.  editcvr,  Paria, 
1907.  pp.  I9». 
Tbls  Tolume  is  written  wltb  nil  tbe  lucidity,  comprebenslon  and 
Inciiiivciicu  of  ihc  BUIbor  nt  bi*  bent.  He  Aret  dlacnsaea  at  contMer- 
able  cxtcut  wbnt  pnHtioii  really  Is.  Here  our  only  criticiim  is  that  ha 
has  fur  too  little  lu  uy  ol  it*  pbylettc  orifpn  wbicb  to  our  mind  is  one 
of  tbe  chief  problem*.    Tlicn  in  the  necoud  and  third  chapters  on  the 

Suealogy  of  i»8«ion  he«eciiis  to  the  writer  tocome  little  in  contact  with 
e  rich  and  Imitfnl  suj-^'estiona  that  arise  lOTcitherlfacpaleoBloloric 
or  the  psycho-iienetic  field.  He  ha*  evidently  paid  more  attention 
to  abiiorinalilicit  than  10  tbe  study  of  norma!  development  of  pa*- 
•ioui  in  cbililrea.  Tbe  fourth  chapter  ia  a  unique  specimen  of  a  dl9> 
cuaaioii  which  while  extremely  inicreaiiu)!:,  it  yet  ex tt«mely  schematic . 
In  atuwer  to  the  iiuestion  how  pa^*ioIla  eiuend  tbeniaeWe»,  th«y  end 
in  one  of  fire  ways:  either  by  exhauation.  oy  I  ran  (formation,  by  aab- 
•titutlou,  in  insanity  or  in  death.  He  very  well  remarks  that  people 
of  intcntcly  pauioaate  nature  are  as  rare  a*  geninse*. 

Lts  SubstiMs  de  I'Amf  dans  (a  Piyiiuthgif  m^dfrnr,  psr  NtcoLaS 
KosmsTP.    Kellx  Alcao.  Paris.  1906.    pp.  giS. 

Tbia  somewhat  startliuK  title  hardly  juatiGc*  in  the  end  the  curioalty 
which  It  excite*.  The  fir*t  of  Ihene  auWitales  Is  the  chemical  con- 
cepts of  soul  according  to  wbich  conscionsnen  is  explained  as  tbe 
Mmmation  of  epipbenomena.  Under  tbe  bead  "  Mechanical  Concep- 
tioiM  of  Ufe,"  tne  author  hn.*  treated  at  leuKtb  ouly  Xcndcr  and  has 
tittle  to  aay  of  the  larger  ■cbool  of  which  be  Is  a  member.  In  tbe 
tblrd  part,  be  undertakes  to  criticiic  psychical  dcHvcrancea  as  they 
ar«  concciTcd  by  Ileriug.  Wahle.  Mach.  AveiiaTin*.  OstwaUl  and  Las- 
wttz.  Of  all  these  he  is  most  attracted  to  tbe  view  of  Hacb.  In  tbe 
fourth  part,  be  attempts  to  co-ordinate  psychic  deliverances  with  thoac 
of  objective  science  treatinf;  of  the  mecbanium  of  memory,  mantsl 
images,  aUslracI  ideas,  tbe  ego,  etc. 

MmUU  Devetopmeni  in  the  Child  and  the  Racf.     Method*  and  Proc- 

eaaM.    By  Jambs  Makk  Baldwin.    With  17  figures  and  19  tables. 

The  MacMillaii  Co.,  New  York,  1906.     pp.  477. 

This  book  reaches  it*  third  edition  in  celebrating   its   full   decade. 

Tbe  author  leares  it  essentially  as  originally   written,   the  rcrlstMl 

being  mainly  in  matter  of  details  and  exactness  of  espositlOD.     He 

also  announces   u   si^ificant  rolnmc  o\\   the   principle*  of  genetic 

•ciencc  in  which  the  ideas  of  his  scries  will  be  thrown  togelbcf  Into 

concise  and  reasoned  form,     lu  this  volume  tbat  is  bere  aonoUDCed, 

the  outcome  of  the  whole  endeavor  will  be  otimalrd  and  set  forth  in 

relation  to  tbe  literature  of  Severn!  sciences  to   which  thCM  oarllvr 

book*  respectively  relate.     Wc  forbear  here  to  undertake  crtttcism  of 

this  author's  work  until  tbe  appearance  of  thU  later  volume. 
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la  this  study  an  attempt  is  made  to  sketch  the  psychology 
of  the  name  of  chess,  to  trace  the  slaftes  iu  the  development  of 
a  chess  player,  and  to  interpret  this  progress  in  psych'jlogical 
terms.  That  the  task,  owing  to  the  complexity  of  the  pro- 
ces»«s  involved  and  the  impoMibitily  of  applying  anything  hlce 
satisfactory  objective  tests,  is  a  difBcult  one,  is  obvious,  but  it 
13  one  that  seems  to  the  writer  worth  attempting.* 

1.     Thb  Psycuologv  ok  THK  G&UB. 

Chess  is,  as  every  one  knows,  a  mimic  hattle  fought  upon  a 
6eld  of  sixty-four  squares  with  pieces  moved  according  to  an 
elaborate  system  and  havioK  powers  suggestive  of  a  variety  of 
fighting  uuits.  The  purpose  of  each  player  is  to  checkmate 
his  opponent,  that  is,  to  hem  in  and  threaten  the  lattcr's  king  | 
Id  stich  a  fashion  that  he  is  subject  to  capture  at  the  next  move. 
In  our  discussion  of  the  psychology  of  the  game  it  will  be  con* 
venteut  to  consider  it  first  as  a  form  of  human  play  and  then  to 
take  up  more  particularly  the  mental  powers  involved. 

I,     CAess  as  a  Form  of  Human  Piay. 

Forms  an4  VarietUs  cf  thf  Game.  The  game  of  chess  has 
not  been  confined  to  any  particular  age,  race,  country,  or  class. 
It  I*  without  doubt  one  of  the  oldest,  if  ntit  the  oldest,  of  the 
intellectual  pastimes,  and  it  is  the  game  of  skill  par  exettUmt. 
Its  origin  is  not  definitely  known  and  there  have  beeu  many 
claimants  for  the  honor  of  its  invention.' 

Especially  in  its  later  history  the  game  has  developed  a  num- 
ber of  ofi-shoots  in  specialties  which  for  many  people  share  the 
interest  of  play  across  the  board.    The  chief  of  these  is  the 
composition  and  solving  of  chess  problems,  which  now  haa  i 
quite  a  literature  and  many  devotees.     Another  is  correspond-] 
ence  play,  in  which  the  strict  rules  of  the  typical  game  are] 
somewhat  relaxed  on  accmint  of  the  peculiar  conditions  of  play,  i 
Others,  practiced  as  feats,  but  of  especial  psychological  interest,  \ 
are  blindfold  playing,  to  which  Binet  has  devoted  a  si>eciat' 
rctenrch.*  and  the  playing  of  many  games  at  once  (either  blind- 
folded or  with  sight  oi  the  board).     To  some  of  these  special 
form»  we  shall  return  later. 


It  i»  a  picaturo  lo  acknowteilKf  my  ia(leI>tediiCM  to  Prufcsour  B. 
C.  S«u(ori!  for  tbc  logKcilioii  of  iliii  topic  of  itaily.  and  for  generous 
•MJRtance  in  following  <t  out ;  lo  Dr.  C.  A.  Drrw  Riid  olticfi  at  th« 
UaHt>aoliaitet(«  State  Farm  forcourtesicsextendcd  :  totboMwho  in  tfa« 
capacity  of  asaiatanti  have  contributed  much  to  tliiv  stady:  anil  to  allJ 
wno  have  niiiwcieil  my  quc«tioanatt«  on  ch«M  or  aaRiiiled  in  *«curing1 
•aswera  to  it. 

*Tlic  biatory  of  dies*  may  li«  (otlown]  in  Potbea'a  Riatory  of  Che**, 
•dd  ia  Df.  Van  dcr  I.inde'a  book  on  ita  htalory  and  literature. 

'Binet,  Alfred;  Fiycliologie  <ltB  granda  Calculatenra  et  Jonaurad' 
Kctaeca,  Denxidme  Panic,  Fotif,  iS^ 
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FniHnftive  Fattors  m  Chess  Playing.  Cbess  is,  &s  wc  have 
itald,  a  game  of  wide  dUtributioQ  and  popalarity.  Dr.  Etiiaiiuet 
I,ssker  states  tbnt  0%'er  one  million  Gnglisli  speaking  people 
know  the  game,  that  there  arc  in  the  United  States,  England 
and  Canada  between  seven  and  eight  hundred  good  sixed  chess 
clubs,  many  of  which  have  over  one  hundred  members  each, 
and  that  the  City  of  London  Club  has  over  four  hundred  mem> 
hers;' and  jndglng  from  the  number  of  chess  clubR,  chess  periodi- 
cals and  players  of  high  rank  in  Germany,  France.  Russia. 
Austria,  and  Poland  chess  is  no  less  popular  in  thoseconntrics. 
If  one  were  asked  what  class  or  classes  of  people  play  chess  one 
mi^ht  truthfully  reply  that  all  classes  play  it. 

The  qneslion  then  arises:  Why  has  chess  proved  so  widely 
popular  at  all  times  and  in  all  places?  How  has  it  been  p<>s.si- 
bie  for  a  game  mskinf;  severe  intellectual  demands  to  liold  a 
place  historically  and  in  geographical  distribution  beside  such 
universal  forms  of  human  play  as  gambling,  horse-racing, 
athletics,  and  hunting,  and  to  claim  devotees,  if  less  numerous,  at 
aoy  rate  as  loyal  as  any  of  these?  The  answer  is,  of  course, 
that,  in  common  with  a  multitude  of  other  games  and  sports, 
it  appeals  to  the  fundametiUl  instinct  of  com^>at,  in  a  way  that 
is  direct  and  at  the  same  time  exempt  from  the  anti-social 
features  that  are  inherent  in  actual  phy.^ical  combat.  Here 
lies  a  large  share  of  its  attractiveness,  and  its  capacity  for  slir- 
ing  emotion.  It  takes  hold  upon  those  .sMppreiwcd  survivals  of 
savage  impulse  (if  we  are  lo  credit  the  savage  alone  with  a  first 
hand  liking  for  a  contest)  which  in  their  modified  exerd»e  have 
been  shown  lo  be  so  large  a  factor  in  adult  sport.* 

In  this,  however,  it  shows  but  the  typical  qualities  of  the 
genus  to  which  it  belongs — that  it  is  one  of  the  strongly  com- 
petitive gamcis.*  Its  own  specific  attractiveness  lies  in  the  fact 
that  it  is  a  competitive  game  of  skill,  more  particularly  of  in- 
tellectual .skill  as  opposed  to  merely  manual  or  bodily  dexterity; 
it  is  a  contest  of  scheme  against  scheme;  it  is  a  game  of  gen- 
eralship.' Each  particular  situation  appeals  to  the  player,  not 
only  as  an  occtision  for  attack  or  defense,  but  also  as  a  situation 
to  be  met  by  taking  thought,  a  difficulty  to  be  seen  through 
and  overcome,  a  problem  to  he  .wived.  There  is,  therefore,  ini 
chess  playing  all  the  challenge  that  lies  in  baffling  but  fas-l 
cinatiug  probleuis  and  much  of  that  which  lies  in  the  solution' 
of  pnzr.le^t.  That  the  tiitcrcxt  in  this  as|)ect  of  chess  is  real  and 
imporlaint  is  abundantly  e\'idcnccd  by  the  growth  of  the  chess 


*  LiMker'a  Chess  Magatitu,  Vol.  t.  Ho,  i.  No*.  1904.    p.  4S. 
'Prtrkk:  The  Psychology  of  Pooiball.    Am.  four.  Psr..V6l.XW, 
1904-  PP-  368-381. 
■GroM:  The  Plftyol  Han.  New  York,  1901. 
<Gn>M  :  op.  til.,  p.  190. 
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"problem,"  of  which  we  shall  have  more  to  say  presently. 
Lindley  in  his  "Study  of  Pazzlcs"'  holds  it  likely  that  in  the 
puzzle  solviQf;  passion  we  have  a  form  of  the  prepanttory  play 
inipiits«  to  which  Groott  rightly  altriboteaso  much  of  hoth  ani- 
mal and  human  play.* 

Still  another  factor  of  interest  in  chess  is  the  pleaiiitre  of  in- 
rention  and  origination,  the  picasureof  being  a  cause,*  In  the 
returns  of  my  correspondents  a  decided  preference  is  expressed 
for  original  ^ans  of  attack  and  defense.*  Most  my  that  they 
get  away  from  the  standard  book  plays  as  soon  as  possible  after 
the  6rst  few  moves.  Some  say  that  they  play  from  t>ool:  not 
from  choice,  but  from  necessity:  but  most  say  that  while  they 
follow  the  book  openings  for  a  few  moves,  they  prefer  to  get 
away  from  them  as  soon  as  (hey  possibly  can  without  deiri- 
mcnt  to  their  game.  They  prefer  their  own  game  because  it  is 
more  real,  and  Is  a  better  representative  of  their  own  ideu. 
As  one  player  puts  it,  "  There  is  little  satisfaction  in  catching 
your  opponent  on  a  line  of  play  that  you  have  simply  memor* 
ized."  There  are,  also,  of  course,  various  practical  reasons 
for  this  preference.  Ad  original  plan  throws  both  players  on 
their  merits  and  removes  the  game  at  once,  so  far  as  possible, 
from  a  mere  memory  exercise,  thus  depriving  a  plB>cr  of  the 
advantage  which  a  superior  memory  or  a  better  knowledge  of 
book  games  might  give.  There  is  an  ailvantagc  to  the  player 
himself  in  au  original  plan  in  that  his  game  is  more  likely  to  be 
a  unit  and  coti^eqiieully  more  C(lnsi^tentlv  played  than  otic 
partly  remembered  and  partly  originated.  While  the  inability 
to  remember  particular  IJnesof  play  isundoubtedly  a  determining 
factor  in  thechoice  between  an  original  plan  and  what  is  known 
as  book  play.  ncA-eriheless,  there  is  something  attractive  about 
R  game  which  one  feels  to  be  his  own.  especially  if  it  is  snc- 
cessful. 

In  summary  we  may  say  of  chess  as  a  form  of  human  play 
that  in  the  first  place  it  is  a  contest,  and.  as  snch,  it  appeals  to 
the  fundamental  fighting  instinct,  the  instinct  which  in  every 
normal  individual  impels  him  to  measure  his  skill  with  that  of 


*  Lindky  :  A  Stndj  of  pnulca,  Am.  Jour,  Pty..  VIII.  1897.  pp.  ut- 
4M.  especiBllyp,  437- 

'GrooK :  op.  fit.,  pp.  369  B. 

'GrooiT  <y.  fil.,  p.  385. 

'laotJet  tosupyitmdilRiyowQobsfcrvatlauaBdtbMeof  m;  aMist* 
ant*,  a  (jacsdounairc  was  8ubtiiitt«d  tocheatplavermof  diBmntgradiM 
of  fttiUlly.  Tiie  litl  of  players answeting  \a  a  fafily  repreaenlBtive one 
and  contains  the  nanica  of  some  of  tlic  bc«I  KUiatenis  of  the  t'tiited 
Slates  and  Canada.  Some  of  the  data  from  thia  cource  arc  apeclScally 
tDclndcd  tD  thin  aiudj,  but  in  many  other  cose*  tbe  fubaiaoec  of  tbe 
view*  expreucd  bas  b(«o  Incorporated  without  more  acknowlcdg* 
Dicnt  tban  if  here  made.    About  100  answer*  in  all  were  obtained. 
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others.  In  the  secood  place  chesa  offers  its  devotees  oppor- 
tnnity  to  exercise  their  ingenuity  in  the  solation  of  problems 
and  puzjtles,  a  form  of  pleasure  that  may  well  rest  upon  that 
general  interest  in  the  anknown  which  at  one  time  must  have 
bad  the  grostest  survival  value.  It  would  seem  further,  that 
intellectual  acti%-ity  is  indulged  in  for  the  pleasure  which  such 
activity  gives  in  itself,  and  sport  of  this  kind  is,  perhaps,  ani 
expres^on  of  the  general  play  inMiuct.  "Intelligence,"  as 
Lindley  holds,  "Is  no  exception  to  the  law  of  exercise.  Just 
as  those  animals,  which  by  fortunate  variatiou  were  bom  with 
a  tendency  to  indulge  in  preliminary  exercise  of  tlione  activities 
which  were  to  serve  the  serious  ends  of  adult  life,  were  favored 
by  natural  selection,  and  were  able  to  trausmit  such  advantages 
In  the  form  of  general  play  instincts,  so  in  a  more  special  way 
those  creatures,  endowed  with  the  strongest  tendencies  to  ex- 
ploit the  intelligence,  may  have  perpetuated  (hi*  Mijjeriority  as 
a  general  intellectual  play  instinct."  Again,  the  chess  strategy] 
of  an  individual  is  largely  the  product  of  his  own  brain;  it  is 
bis  own,  and  merely  as  soch  is  interesting  to  him.  No  matter 
where  or  how  be  got  his  knowledge  of  the  game,  if  he  is  any- 
thing of  II  player,  he  liai^  assimilated  it  and  made  it  a  part  of 
hte  UMntal  self,  and  his  game,  iu  tufn,  reflects  something  of  his 
personality.  There  is  abo  what  might  be  termed  a  secondary, 
derived  or  scsthettc  interest  in  chess,  namely,  in  the  finer  and 
subtler  points  of  the  game,  in  what  the  chess  world  calls  its 
"brilllanctes. "  Appreciation  of  and  consequent  admiration 
for  the  skill  of  others  is  acontributory  element  in  this  pleasure. 
And  finally  it  is,  notwithfttandiog  itH  own  exacting  demands,  a 
means  of  mental  relaxation  and  as  such  is  attractive  to  the 
mental  worker. 

3.   Gbmbkai.  Features  op  Chrss  fxom  a  Psvcholouicai, 
Point  of  ViKw. 

The  EnMtitmal  Efftds  0/  May.  Wc  have  already  alluded  In- 
cidentally to  the  emotions  which  may  be  stirred  by  the  chess 
combat.  The  desire  to  win  is  fundamentally  connected  with 
the  fighting  instinct.'  Young  and  ardent  players  especially 
find  the  elation  of  victory  and  the  hiitemc-iH  of  defeat  by  uo 
meanit  small;  they  work  bard  at  the  game  and  feel  the  outcome 
in  proportion  to  their  efforts.     The  chess  manuals  and  maga- 

'Undler:  »/>.  cil.,  p.  43J, 

*Tlil«  lustloct  in  man,  we  are  told,  U  beiag  gTadnally  overcome  or 
iupprcne^l.  It  n-ould  be  intctrstii>Klo  Dote,  howTcr,  wbelhei  In  the 
conte*t>  vhich  «ti1l  if\\e  opixirtuuily  (or  It,  thet«  i*  aiijr  Icawaing  of 
the  de* ire  lo  win.  and  whether  iadmdnals  change  at  all  In  this  re- 
gard. Tbc  (net  wobtbly  i>  tlixt  (he  iii«tinct  M  chaagiag  its  (oim  with 
■ocial  prcwurc,  hut  loalng  little  ol  its  aaUvt  pomr. 
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siaes  repeat  suggestions  as  to  hovr  one  sfaonld  wear  bis  laurels 
or  accept  defeat,  but  in  spite  of  this  well  intended  advice  every 
chess  club  has  its  members  who  invariitbly  make  excuses  for 
every  lost  game.  A  good  many  players,  however,  hiive  the 
Cpoftsnuin's  feeling  strongly  developed  and  are  not  unpleasantly 
affected  if  they  arc  conscious  of  having  played  well.  They  do 
not  enjoy  winning  if  their  victory  U  the  result  of  a  "flulEe"  on 
their  own  part  or  of  a  palpable  overught  on  the  part  of  their 
opponent. 

Personal  and  Temperamenlal  Dtffermett  of  PUyrrs.  The 
opinion  is  general  among  cbcss  players  that  a.  man's  tempera- 
ment enter.i  into  bis  play  aod  determines  its  style.  Many  <rf 
my  correspondents  state  that  they  have  recogniud  and  often 
utilized  this  factor  in  actual  play  by  forcing  an  opponent  to 
adopt  a  line  of  play  for  which  lie  was  unfitted  by  temperament. 
For  example,  a  slow,  careful  game  ift  played  ngaimtt  tlie  aggres- 
sive and  daring  player,  who  is  often  provoked  by  these  Fabian 
tactics  into  rccklcsniess  and  loss. 

Chess  players  are  also  very  Gnn  in  the  belief  tfaat  one's 
game  is  an  index  of  his  character  in  a  wider  sense,  and  no  one 
will  be  likely  to  deny  that  the  fundamental  Irait.H  of  character 
are  revealed  in  unimportant  matters  especially  when  one  be- 
comes so  deeply  absorbed  that  he  forgetm  all  else.  Chess  offers 
juM  such  an  opportunity  for  deep  absorption,  and  it  is  not  un- 
reasonable to  suppose  that  one's  real  rather  than  bb  conven- 
tional character  will  reveal  itself. 

3.  AxTAtsMiisTs  OF  Playkhsop  Avrxagb  ExPKRIBNCa. 

In  order  to  form  some  conception  of  the  skill  and  knowled|[e 
whkh  a  chess  player  of  average  experieuce  possesses,  let  as 
consider  (a)  hts  ability  to  plan  moves  ahead  and  to  anticipate 
those  of  his  opponent;  (b)  to  di.4entangle  a  complicated  situa- 
tion; (c)  to  reconstruct  thtr  status  of  an  nnlinished  game  from 
memory;  and  lastly,  (d)  his  "position  sense."  For  informa- 
tion ou  these  points  I  s.hall,  of  coarse,  have  to  depend  almost 
wholly  on  the  replies  of  my  correspondents. 

Ability  to  Plan  Moves  Ahead.  It  is  evident  from  the  variety 
of  answers  to  the  (iucstion»  on  these  points  and  the  qualifica- 
tions attached  to  many  of  them  that  the  questions  were  inter- 
?retcd  in  a  variety  of  ways.  Some  points  .seem  clear,  however. 
'he  number  varies  from  position  to  position,  is  dci>endent  upon 
the  niimt>er  and  positions  of  the  pieces  and  the  player's  physi- 
cal and  mental  conditiou  at  the  time.  Very  few  stated  any 
definite  number  of  moves  which  they  thought  they  nsnally 
planned  ahead,  but  allowed  a  considerable  margin.  The  fol- 
lowing are  typical  of  the  answers  received: — "five  to  ten," 
"two  to  six,"  "two  to  teu,"  "six  to  leu,"  "three  to  seven." 
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Very  few  stale  tbat  tbey  are  unable  to  plan  at  leant  three  moves  . 
ahead  in  a  complicated  »Jtnation.  Fonr,  five,  and  six  are  favor-  / 
ite  nnmbcrs. 

Most  state  that  Uiey  can  anlicipate  as  ranny  of  their  oppo- 
nent's moveii  as  they  plan  for  th<:msclvcs,  ftnd  that  they  do  so 
habitually.  A  few  state,  ou  the  other  hand,  tbat  they  can 
anticipate  only  a  much  smaller  number  of  their  opponent's 
moves. 

Almost  withotit  exception  my  correspondent!!  write  tbat  1 
practice  bas  greatly  increased  both  numbers,  but  especially  the 
number  of  the  opponent's  moves  tbat  can  be  foreseen.  A  few 
who  have  played  a  great  many  years  or  who  seldom  play  now. 
say  that  the  number  has  decreased.  While  with  most  players 
the  increase  in  number  has  been  cou.<uderabIe.  the  increase  in 
accuracy  ha.s  \xtn  the  main  gain.  The  beginner,  owing  to  the 
great  number  of  possibilities,  is  not  able  to  plan  far  ahead  and 
scarcely  thinks  of  his  opponent'.**  planit  at  all.  A  little  later  be 
plans  two,  three,  and  four  moves,  but  be  o\*crlook8  so  many 
possibilities  that  his  plans  are  practically  worthless.  Progress 
in  thi.t  regard  consists  fust  in  the  increasing  ability  to  perceive 
the  most  likely  and  feasible  continuations  both  on  bis  own  part 
and  that  of  his  opponent;  second,  in  refttsing  to  reconsider  lines 
of  play  aAer  going  over  them  carefully  once  and  discarding 
tbem;  and  third  in  increased  ease,  rapidity  atid  accuracy  in 
calculation. 

Visnai  Ima^inafion.  It  was  aslced  "  Can  you  imagine,  plc- 
torially,  what  diHWence  in  the  portion  a  move  would  make,  or 
are  you  absolutely  without  such  an  image,  relying  wholly  on 
successive  associations  of  one  move  with  another?"  The 
answers  seem  to  indicate  tbat  there  are  three  classes  of  players 
in  this  regard.  There  arc,  6rst,  those  who  have  a  clear  vbaal  I 
picture  of  the  situation  as  it  will  appear  after  a  series  of  mo^-es; 
secondly,  those  who  have  some  visual  picture,  but  rely  also  on  \ 
successive  associations,  in  verbal  or  pd»sibly  motor  terms,  of 
one  move  with  another,  tbat  is,  they  are  unable  to  picture  a 
resulting  situation,  but  must  build  it  up  move  by  move  by 
means  of  visual  and  other  kinds  of  imagery.  With  these  players 
tbe  final  term  is  probably  held  In  verbal  terms.  The  last  class  1 
of  players  are  those  who  are  without  a  visual  image  of  any 
sort.  The  first  class  Is  perhaps  the  smallest.  The  players  in 
this  group  slate  tbat  the  presence  of  tbe  pieces  is  not  only  not 
an  aid  in  planning  combinations,  but  that  it  is  a  positive  hind- 
rance. They  have  difficulty  in  imagining  a  piece  in  a  changed 
situation  or  on  a  square  which  is  at  that  time  occupied  by 
another  piece  when  the  pieces  are  on  the  board  before  them.' 


'  Bioet;  of.  ttf.,  p.  136. 
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Binet  qaotes  Selkirk  approvingl]'  as  saying  that  in  working 
out  a  plan  one  is  obliged  to  represent  to  tiimaelf  the  position  of 
ttic  pitrces  after  each  supposed  more  and  tliat  the  sight  of  th« 
board  only  confuses.  Dr.  Tarrascb,  the  German  master,  holds 
that  all  games  are  played  in  part  witbont  sight  of  the  board 
and  that  consequently  visual  imagery  is  an  essential  factor  in 
planning  movesabead,  especially  in  far  reaching  combinations.' 
This  stiittnicnt.  it  srems  to  the  writer,  is  valid  only  for  players 
of  the  first  class  mentioned  above.  The  players  of  the  second 
group  have  »onie  picture  but  find  the  presence  of  the  pieces  in- 
dispensable; while  those  of  the  third  group  rely  wholly  on  the 
presence  of  the  pieces.  In  some  cases  tins  dependence  on  the 
pieces  is  largely  a  matter  of  habit,  since  the  players  state  that 
while  they  rely  almost  exclusively  on  successive  associations, 
nevertheless,  tbey  can  of^en  <li.%oveT  errors  in  their  gomes  when 
the  board  is  not  before  them. 

Ainlily  io  lake  in  Large  Seettons  of  the  Bc&ri.  Most  of  the 
players  Mute  that  when  getting  ready  to  more  tbe>'  can  readily 
take  iu  the  whole  disposition  of  tlieir  men,  or,  in  other  words, 
they  can  conipR-hcnd  th«  board  as  a  whole.  This  ability  to 
take  in  rca^ylhcwhoTc  disposition  of  the  men  is  generally 
regarded  as  one  of  the  signs  of  a  considerable  degree  of  che-sa 
skill.  Ability  in  this  regard  varies  with  the  physical  an4 
mental  condition  of  the  player  and  with  the  complexity  of  the 
situation.  The  explanation  of  tbc  gain  in  skill  of  this  sort 
»eenis  to  be  that,  as  a  player  progresses  in  skill,  the  game  takes 
on  more  an<]  more  meaning  and  that  the  indivldnal  niove»  tKCome 
more  and  more  a  ^art  of  a  definite  series  or  of  a  number  of 
scries  each  with  some  particular  end  in  view.  The  difiereot 
moves  and  situations,  also,  as  they  arc  handled  in  larger  masses, 
are  dealt  with  in  an  increasingly  symbo^i;^  manner.  A  more 
detailed  consideration  of  tliis'will  be  taken  np  in  another  sec- 
tion. 

RetoHitruttion  of  the  Statui  of  an  UHfinisked  Game.  Little 
or  no  tronblc  is  experienced  by  most  players  in  setting  up  an 
unfinished  game  from  memory',  provided  the  game  itself  was 
interesting  and  loo  great  a  tintc  had  not  elapsed.  The  number 
of  pieces  on  the  board  is  also  a  factor,  though  it  would  appear 
that  it  is  not  of  very  great  importance.  A  very  few  state  that 
they  can  do  this  only  when  they  are  playing  regnlarly.  One 
player  reports  that  he  retains  a  position  in  correspondence  play 

'  for  a  month  without  difficulty,  and  another  that  he  is  engaged 
at  present  in  eleven  correspondence  games  and  that  he  retains 

bthe  positions  in  all  of  them  without  reference  to  his  record. 
Different  methods  are  employed  in  the  reconstruction,  but  all 


>  Binet:  ibid. 
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are  reducible  to  two  types,  namely,  setting  up  the  final  position, 
and  replaying  Ibe  game  from  the  start.     Some  are  able  to  do 
cither.     There  are  difleient  vsricticsoftlieSrst  method.    Some    f 
seem  to  have  a  mental  picture  of  the  whole  board  and  to  ar- 
range their  pieces  itccordingiy.     Tlicy  have  phoiographcd  the 
situation  as  a  whole  and  the  eye  tells  tliem  if  anything  is  out 
of  order  or  uJi^ing.     Analogous  to  thi.<i  in  a  .tniall  way  i.t  the 
ability  to  sec  a  misspelled  word  in  proof-reading.     Others  also  V, 
reconstruct  the  final  position  as  a  whole,  but  do  it  by  remem-  ^ 
bering  crucial   situation.s  and   building  around   them.     This 
memory  may  be  in  terms  of  almost  any  sort  of  imagery,  but  it 
is  most  likely  to  be  in  vLiual  terms.     Verbal  imagery  also  plays    3 
an  im[iortant  part.     The  plan  of  attack  or  a  certain  situation 
in  that  attack,  is  very  often  tbe  central  point  from  which  the 
position  is  Imill  up.     Thi.s  would  mean  that   the  steps  which 
had  been  planned  ahead  were  also  factors  in  tbe  recall.     Some- 
times it  is  necessary  to  begin  back  of  the  final  position  at  some 
Important  place  and  to  build  up  to  it      The  second  method, 
that  of  replaying  the  game  fiwn  the  beginning,  means  tbe  run- 
ning over  of  a  serie.1  of  successive  a«»ociation.-(  aided  and  guided 
by  the  critical  points  and  by  the  general  plan  of  the  whole 
game  which  gives  a  meaning  to  tbe  individual  moves.     The  . 
reconstruction  from  memory  of  a  position  involving  any  con*  | 
siderable  number  of  pieces  ts  not  possible  to  most  beginners. 
If  they  are  of  the  photographic  mental  tyjK  they  get  lost  ia 
the  mass  of  impressions  which  the  situation  involves,  and  if  of 
the  verbal  or  some  other  type  the  situation  has  not  sufficient 
meaning  to  give  definite  place  and  order  to  so  many  pieces. 

"J^silioH  Sfns^."     AmonK  cbesa  playcrsand  writers  on  chess 
grearitms islaid  on  what  is  called  "position  sen»e,"  that  is, 
the  knack  of  knowing  in  an  intricate  situation  how  to  place 
tbe  men  to  the  best  advantage.     It  is  a  common  observation 
that  many  chess  players  arc   able  to  tell  at  a  glance  which   I 
player  has  the  better  position  without  being  able  to  give  off-   I 
hand  any  reason  for  the  opinion.     It  i-*  even  stated  that  many 
players  are  able  to  give  a  correct  judgment  at  times  without 
beiug  able  to  carry  out  the  analysis  necessary  to  prove  its  cor- 
rectness.    Bird,  the  well  known  Hnglish  player,  used  often,  to  \ 
consultation  play,  to  point  out  the  move  with  the  remark  that  | 
the  others  might  analyze  as  much  as  they  liked,  but  that  he 
felt  and  knew  that  it  was  tbe  right  move,  and  it  is  said  that  he 
was  generally  right.     With  scarcely  an  exception  all  who  an-, 
swered  the  question  stated  that  they  have  noted  a  considerable! 
improvement  in  "position  sense."     Many  state  that  improve- 
ment in  the  sense  of  position  and  chess  improvement  are  o»e 
and  the  same  thing.     This  latter  statement  is  a  little  too  sweep- 
ing, however,  since  it  does  not  necessarily  follow  that  the  mere 
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kaowkdgc  of  Ibe  strcogtb  or  wcakoen  of  k  position  will  en- 
able ooe  to  choose  the  best  of  the  uifimie  pa6sibiliue;>  which 
atiae  at  every  step.  Experience  is  the  bluiket  term  which 
most  use  io  the  attempt  to  explua  the  developocot  of  "post- 

(tioo  aeoat."  Tbe  player  is  said  to  "feel"  the  position  or  the 
proper  move.  Some  interesting  reasons  are  given,  however,  to 
account  for  the  ability  to  judge  a  position  at  a  glance.  la 
brief  they  are  somewhat  as  follows :  The  mlod  has  been  drilled 
to  feel  any  deviation  from  princtples  ;  it  is  diM  to  a  vagoe  idea 

(of  fltmilar  situatious  leading  to  soccess  or  Ikilnre;  it  is  the 
recognition  of  several  fondamenta]  points  of  strength  or  weak- 
iMas;  and  lastly,  it  is  a  symbolic  shortening,  a  dropping  oat  of 
iotenaediate  processes  of  inGnence.  Perhaps  wc  xbauld  not 
be  wrong  in  saying  that  it  is  all  of  these.  It  is  nndoubtedly 
tbe  product  of  experience  and  involves  the  some  sorts  of  p^- 
chic  processes  that  arc  employed  in  the  fbnnation  of  geneni 
idess — abstraction  and  gener^ization.  Players  of  equal  expe- 
rience differ  so  widely  in  "positioo  sense*'  that  it  wens  rea- 
KMiable  to  suppose  that  there  is  a  difFerence  in  their  native 
endowment  in  this  capacity,  juiit  as.  according  to  Professor 
James,  people  are  difierently  endowed  with  the  capacity  for 
memorising.  "Position  sense"  is,  however,  not  dependent  on 
memnry  alone. 

Different  Grades  of  Chen  Hayert.  Certain  mental  qualities 
are  esncntial  to  the  chess  player  who  attains  any  degree  of  pro- 
ficiency whatever,  and  players  differ  both  in  their  relative  and 
their  absolute  endowment  of  these  qualities.     Master  players 

(combine  to  a  marked  degree  an  accurate  and  persistent  chess 
memory,  quickness  of  £erceptioo,  strong  co:istructive  imagina- 
iHiii.  power  of  accurate  analysis  and  a  fur  seeing  jwwer  of  com- 
bination. Itisimpossiblclosayjust  what  tbe  proper  proportion 
of  these  qualities  should  be,  and  to  be  ideal  it  would  have  to  be 
BOdtfied  to  meet  each  new  opponent.  Wben  the^  various 
qualities  are  combined  in  somctbing  like  the  proper  proportion 
we  have  what  is  generally  deii^nated  as  a  separate  quality, 
namely,  "jadgmcnt."  But  when  we  say  that  a  pbyer  has 
good  judgment  in  chess  do  we  mean  more  than  that  he  com- 
binet  in  someltiing  like  the  proper  proportions  the  qualltiea 
which  make  up  tbe  uniformly  consistent  and  successful  chess 
I^ayer? 

4.    Attainments  of  thb  Chess  Masters. 

We  have  attenipieil  to  give  some  idea  of  the  endowment  of 
tbe  cbcss  player  of  fair  ability  and  have  avoided  all  reference  to 
tbe  remarkable  achtevemenLs  of  the  chess  masters.  Tbe  feats 
of  some  of  these  are  certatuly  marvellous,  and  one  is  apt  to 
think  tbat  genius  alone  can  account  for  tbem.     Tbe  chess  ex- 
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pert  displaj/s  his  skill  under  one  or  sU  of  four  forms,  namely, 
Simtiltntieoiiii  Play,  in  which  several  games  are  played  nt  the 
same  time  against  as  many  opponcQls;  Blindfold  Play;  Recapi- 
tulation of  Games  played  by  himitelf  or  others;  nnd.  in  actual 
play,  by  the  Annouucemcnt  of  the  £nd  of  the  Game  sc%'cTal 
moves  before  that  event. 

SimUJtaHeoui  Play.     In  simultaneous  play  the  lone  player,     t 
of  course,  never  plays  against  (hose  of  his  own  rank,  bat  usually 
against  strong  local  players  who  ar«  able  to  take  advantage  of 
any  oversight.     As  examples  of  what  can  be  done,  the  follow- 
ing, recorded  in  the  different  chess  magazines,  may  be  ciicd: — 
GuDsberg  played  ^^bteen  game^i  Mmnltaneoasly  against  aa  j 
many  opponents,  wmning  fourteen,  losing  three  and  drawing  . 
one;    Bird   played  nineteen,  winning   fifteen,  losing  one  and   ] 
drawing  one;  Herr  Schaltop  in  four  and  one-half  hours  played 
forty simoltaneous  games,  winning  tbirty-lbree,  losing  6vc.  and 
drawing  two;  I.asker  played  twenty-two  games,  winning  nine- 
teen,  losing  two  and  drawing  one.     Since  that  time  he  baa  ) 
often  played  thirty  games  simultaneously.     As  an  example  of 
therapidityiifmovesmade  in  simultaneous  play  Napier'-Mwenty- 
onc  games  should  be  cited.     During  the  first  hour  he  mBde\ 
four  hundred  and  fifty  move^  an  average  of  nearly  eight  perf 
minute.    Of  the  twenty-one  games  he  won  eighteen,  lost  two/ 
and  drew  one.    Evidently  simullaneons  play  requiresthe  ability 
to  focus  the  atleution  strongly  on  a  single  game,  to  banish  for 
the  time  being  every  olber  game  from  the  mind,  to  call  up  in< 
stanily  at  :h«  sight  of  any  board  just  what  combinations  it  had 
been  planned  to  carry  out  there,  and  finally  to  recognize  and 
meet  a  situation  promptly.     In  nil  such  feats  experience  is  an 
indispensable  factor.    The  player  who  [days  ee^'eral  gam«a  at 
the  same  time  relies  on  his  knowledge   of  position,  gained 
through  long  practice,  to  give  him  a  quick  grasp  of  the  essen- 
tial sitnations  as  he  passes  from  board  to  board.'     This  factor 
and  the  power  of  concentration  Mem  to  account  for  the  distinct- 
ive features  of  simultaneous  play. 

RetapituiaiioH  cf  Gamti  and  Other  Feats  of  Pure  Memory, 
The  recapitulation  of  games  is  a  feat  of  meraorj-  pure  and  sim-  > 
pic.  The  player  simply  plays  over,  or  dictates  from  memory  ) 
games  which  he  himself  oi  which  others  have  played.  The  « 
games  thus  enumerated  may  consist  of  g^y  or  even  more  moves  / 
on  each  side  making  sometimes  a  total  or~one  hundred  or  more 
individual  moves.  Morphy,  the  next  morning  after  his  blindfold  >( 
contest  against  eight  other  players  at  Paris,  dictated  to  bis  / 
secretary  all  of  the  moves  in  each  of  the  eight  games.    Morphy's 

'A  player  of  perfect  "|>n«lt!ou  *enw"  conlil  play  any  DUmbcT  of  J 
gBDMM  A«f  witboal  rccBlliii([  anytbing. 
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secretary,  in  hU  book  entitled  "Exploits  and  Triuoiphs  jo 
Europe  of  Paul  Morphy,"  gives  tbe  following  account  of  the 
performauce: — "Next  momlng  Morphy  actunlly  awakened  me 
at  seven  o'clock  and  told  me  if  I  would  get  up  be  would  dictate 
to  me  the  moves  of  yesterday's  i^mes.  I  never  saw  him  in 
better  spirits  nor  less  fatigued  than  on  that  occasion,  as  he 
showed  me  for  two  Iour  hours  the  hundreds  of  variations  de- 
pending upon  the  ptay  of  the  i)r<r\-ious  day.  with  such  rapidity 
that  I  found  i;  hard  work  to  (oUow  the  thread  of  his  combina- 
tions." *  In  speaking  of  Morphy 's  knowledge  of  games  played 
by  Anderson,  he  writes:  "With  his  astonishing  memory  he 
gave  me  battle  af^er  battle  with  different  adversaries,  variations 
and  all."*  And  in  another  place,  "What  wonderment  he  boa 
caused  with  bis  omnipotent  memory.  I  have  seen  him  sit  for 
hours  at  the  Divan  or  the  Regents,  playing  over,  not  merdy 
his  own  battles,  but  the  contests  of  others,  till  the  spectators 
could  not  believe  their  senses."*  Morphy  himself  made  the 
statement  that  he  had  never  forgotten  a  game  that  be  had 
played  after  his  chess  powers  were  mature.  Blackbnrne  like- 
wise has  a  tenacious  memory  for  his  past  games.  In  1899  he 
recalled  any  number  of  games  which  he  had  played  in  1863, 
pointing  out  with  the  utmost  precision  tbe  flaw  or  the  beauty 
in  each.* 

In  regard  to  the  recapitulation  of  games  it  should  be  noted 
that  the  player  is  recalling  a  numtier  of  known  situations  each 
the  result  of  a  well  known  scries  of  moves,  and  that  each  game 
as  a  nholc  is  constituted  of.  and  characterised  by,  a  number  of 
situations  joined  together  by  distinctive  feature*  which  may 
consist  either  of  individual  moves  or  of  combinations  of  them. 
The  caite  is  similar  to  that  of  a  remembered  conversation;  the 
one  who  recalls  it  does  not  recall  each  word  separately  but 
rather  the»«rdiiii(>i^ofeach  remark  and  its  connection  with  wbat 
preceded  or  followed. 

Ol^^r  Feats  of  Memory.  Blackbumc,  without  sight  of  the 
board,  is  able  to  give  the  moves  known  as  the  knight's  tour, 
which  consists  in  placing  the  knight  on  any  designated  square 
and  making  it  strike  in  succession  ever}-  square  on  the  board. 
This  is  by  no  means  an  easy  task  with  the  )>oard  in  Mght,  a 
fact  of  which  any  one  may  easily  convince  himself.  Aside 
from  chess  Pilbbury  performed  some  rather  difficult  memory 
feats.     If  any  portion  of  a  deck  of  playing  cards  was  called  off 

>Bdge.  P.  M.:  Bxploluaud  Triumpli*  lu  Bn rope  of  Paul  Morphy, 
N.  Y..  1S59.    p.  164. 

*  H<1ge  :  op.  cit.,  p.  187. 
'Edge  ;  op.  eit.,  p.  187, 

*  Graham,  P.  Anderaon:  Mr.  Blackbnroe'aGBtDCsat  Chess.    London, 

1899.      p.  MTJ. 
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!tim,  be  was  able  to  name  the  cards  remaining  in  tbc  deck. 
On  one  occasion,  after  playing  blindfold  games  for  tiro  and  one 
half  hours,  during  the  inteimisaion,  a  list  of  thirty  wokIk.  nnm- 
bered  from  one  to  thirty,  was  read  to  him.  He  memorized  the 
words  in  groups  of  five  taking  ten  minutes  in  which  to  complete 
the  task.  Then  he  was  able  to  give  the  word  corresponding 
to  any  given  number  or  the  number  corresponding  to  any  given 
word  and  to  repent  the  whole  list  either  forward  or  backward.' 
He  made  use,  of  course,  of  some  mnemonic  device  and  the  case 
is  intere-Hting  only  as  showing  what  can  be  accomplished  Id  that 
way. 

J4»H0UHefment  of  Male  in  Adi-ance.  The  announcement  of 
mate  several  moves  ahead  means,  in  case  it  U  nut  merely  a  re* 
mcmbered  poeitioD,  tbat  the  player  has  loukcd  abead  of  the 
actual  play  and  is  able  to  say  the  precise  number  of  moves 
oecesKary  to  bring  about  the  end  of  the  game.  It  is  a  com-  i 
mon  thing  for  players  of  the  first  rank  to  announce  mate  five  1 
or  six  moves  in  advance  and  their  combinations  in  the  middle 
game  often  reach  beyond  that  number.  Illackbamc,  in  one  of 
bis  blindfold  performances,  after  the  twentieth  move,  announced 
mate  in  six  moves  more  and  then  called  off  seven  varistioas 
which  exhausted  the  position.  * 

Marshall,  in  I,ondon,  announced  mate  in  eight  moves  and  pro- 
ceeded  to  accomplish  it  in  spite  of  nil  his  opponent  could  do  to 
prevent  it.     The  longest  matee\'er  anuotmced  in  blindfold  play  j 
was  one  by  mackbumc  in  sixteen  moves*  ' 

In  some  cases  planning  ahead,  as  was  suggested  above,  is  a 
simple  act  of  memory.  The  player  may  merely  recognize  the 
sitoadon  as  one  previously  seen  and  may  remember  the  indi- 
vidual moves  which  followed  aud  the  result ;  or  he  may  pa.'S 
directly  from  the  first  term,  the  ifituation,  to  the  last  term,  the 
result,  recalling  at  the  same  time  the  number  of  moves,  hut 
not  the  moves  themselves.  Where  the  player  has  never  reached 
mate  from  the  given  situation,  but  is  able  to  Ibrcscc  it,  be  mubt 
posiiei^  the  ability  to  work  through  meutally  all  the  hituuti<ms 
which  come  between  the  one  given  and  the  final  one,  which 
calls  for  good  powers  of  analysis  ai>d  ntcmory  as  well  as  ex- 
perience. 

BUnd/oid  Piay.  The  feats  which  have  caused  most  wonder 
and  admiration  are  those  of  blindfold  players.  Playing  with- 
out sight  of  the  board  is' now  one  of  the  most  common  forms 
of  exhibition  cbcso,  and  it  has  been  said  tbat  almost  every 
good  amateur  can  play  at  least  one  game  tans  voir. 

Paul  MoTphy,  during  his  triumphal  tour  of  liuropc,  created 


*  British  Chess  Magaiime,  Vol.  XX,  p.  399. 
■  Orabant :  of,  eit.,  p.  309.  *  Of 
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great  astonishment  by  plikym);eif;t)t  siniitltaneonsgiatBesbHiid- 
'  folded.  It  is  said  by  competent  juilgcs  ihnt  some  of  bis  most 
brillinnt  Klines  were  tbose  played  in  this  \ray.  Ztikertort 
played  twelve  and  Tourteen  gam«s  very  frequ«ntly,  but  often 
renurked  tbat  the  two  additional  ones  made  it  modi  more  diffi- 
cnlt.  Blackburne  is  one  ot  the  strouKest  of  tbe  blindfold 
.  players,  but  the  greatest  of  all  thus  &r  in  this  line  was  tbe 
American,  Pjllsbury,  who  played  as  many  as  twenty-two 
blindfold  games  simultaneously,  winninj^  most  of  them.  With 
him  tbe  number  of  games  seemed  to  be  limited  only  by  tbe 
length  of  time  retiuired  to  complete  them  and  by  his  physical 
endurance. ' 

Piliflbury.  in  an  exhibition  giren  at  Toledo,  Ohio,  played 
twelve  games  of  chess  and  four  of  checkers  without  sight  of 
the  boards,  and  at  the  same  time  played  duplicate  whist. 

Such  are  the  feats  of  blindfold  play  by  the  masters.  Whst 
shall  we  say  in  explanation  of  them  ?  ^femo^y  certainly  plays 
a  very  important  rftle,  but  it  may  be  chiefly  of  the  short  time 
variety,  tlmt  l.t,  the  player  holds  the  moves  in  mind  only  dur- 
ing the  progreiis  of  the  play  and  forgets  them  immediately 
afterward,  much  as  the  student  or  the  lawyer  does  the  facts 
he  has  crammed  for  a  particular  occasion.  Pillsbury,  in  an 
article,  said  that  he  had  to  think  rather  hard  to  recall  the 
opening  in  any  given  game  of  a  series  five  minutes  after  the 
contest  euded.*  Morphy,  on  tbe  other  band,  seemed  to  retain 
bis  games  permanently. 

A  blindfold  player,  playing  a  single  game,  must  have  in  mind 
at  every  stage  of  the  game  the  position  of  every  piece  on  the 
board,  and  he  mnt^t  have  some  way  of  knowing  or  of  calcu- 
lating the  relation  of  each  piece  to  everj-  other,  facts  which  are 
not  nece.isarily  involved  in  mere  place  memory.  His  knowl- 
edge of  these  positions  and  relations  must  be  safficicntly  clear 
to  enable  him  to  form  combiuatious  for  attack  and  defense.  In 
playing  eight,  ten,  twelve,  sixteen  or  twenty  games  sJmultan- 
eoosly  without  sight  of  the  boards,  the  task  is,  of  course, 
immensely  more  difficult,  since  the  player  has  not  only  to  re- 
member a  proportionally  greater  number  of  moves  (or  positions) 
but  has  also  to  remember  each  move  or  set  of  moves  in  relation 
to  the  particular  game  in  which  it  is  made. 

The  blindfold  player,  playing  several  games  simultaneously, 
usually  employes  devices  to  make  his  task  less  difficult.     Pills- 


'  Th«  pby*ic«1  eti(lurHuc«  rcijulre'l  (or  pl^y  in  such  content*  ia  aotne- 
thin);  liute  rcaliieil  by  tbe  tmitiiiiateil.  Motphy,  at  Paris,  played  (or 
ten  coQsccutiTc  houri  witboub  eallng  oi  drinking  Biiv(liiDj{.  Pftulaen, 
who  pUyciI  at  inniiy  n*  ten  ^aiiico  bliniHol'l,  pliiyecl  twelve  cooMca- 
tive  liours  on  oa«  occ&aioti  witti  uo  r«lr«sb meats  of  any  kind  txcept  • 
tilde  tcmonode. 

'  Pi)t*bury:  ThcCbeM  PUyer'a  Ulnd.  Itid^^ndtnt,  Vol.  UI,  p.  1104. 


tmry  giQaped  his  games  and  used  the  same  opening  io  all 
gBinet  of  a  group.  For  iitHtaiice,  in  playing  Hixtcen  ftaniea  be 
grouped  them  as  follows:  group  one  cpntained  ItoAitls  i.  5,  9, 
13;  group  two,  boardd  2,  6.  10,  14:  group  tbr«e.  beards 
3.  7.  <!■  15:  iind  group  (our,  luards  4.  8,  12.  16.  It 
will  be  noticed  that  two  groups  contain  odd  and  two 
even  nambers,  and  tbst  there  is  a  difference  of  four  between 
any  number  of  a  group  and  the  one  next  to  it — 1.  5,  9.  etc. 
The  blindfold  player  usually  has  first  move  on  all  boards  and 
cao  generally  force  his  opponent  into  his  system.  If  not.  he 
mar  regroup  the  boards  according  as  the)'  do  or  do  not  fall 
into  his  system  of  play,  or  he  may  simply  make  a  mental  note 
of  the  boards  on  which  eccentric  replies  to  his  opening  moves 
have  bceu  made.  Obviously,  so  long  as  the  games  in  each 
group  proceed  without  variation  from  tbe  usual  moves  and  re- 
plies, there  is  little  chance  for  confusion,  but  very  soon  tbe 
game  begins  to  vary.  By  tbe  time  thb  happens,  however,  the 
player  ha«  noted  some  diKtinctive  feature  by  means  of  which  to 
recall  any  game.  Pillsbury  put  it  in  this  way:  "By  the  time 
twenty  moves  have  been  made  there  has  been  some  clearing  of 
the  board  and  a  definite  objective  has  been  developed.  U'lieo 
I  turn  to  the  new  board  I  say — Ah!  number  ntoe.  This  is  tbe 
board  on  which  we  have  exchanged  qncens;  and  tlie  whole 
play  cotnes  back  to  me.*" 

In  other  words,  Ihe  variation  itself,  becau.se  it  involves  some 
distinctive  feature,  is  the  cue  for  the  recall  of  all  tbe  mo\-es 
that  have  preceded  it  and  those  which  grew  out  of  it.  It  will 
help  as  to  understand  this  if  we  recall  the  fact  that  chess  is,  as 
Biuct  puts  it,  a  contest  between  ideas,  sod  that  cacb  move  is 
bnl  a  part  of  a  series  all  working  together  tonard  the  same 
end,  or  in  other  words,  each  move  is  remembered  because  it  ts 
a  necessary  part  of  a  plan.' 

He  points  out  further  that  those  who  retain  in  mind  a  situa- 
tion or  a  series  of  moves  have  the  faculty  of  giviug  to  the 
»ituationor  the  series  a  precis  significance.  A  person  ignorant 
of  chess  could  not,  of  course,  do  this  and  so  would  be  unable 
to  hold  such  things  in  memory.  Mr.  R.  L.  Newman  also,  ex- 
perimenting upon  checker  players  in  the  laboratory  of  the ' 
Unif-ersity  of  Imttana,  found  that  a  long  Bcnes  of  moves  in 
checkers,  made  in  the  pre.sence  of  his  subjects,  was  remem- 
bered only  after  some  form  of  grouping  was  employed  and  that 
the  series  was  learned  quickest  by  thoM  who  understood  the 
purpose  of  the  diflerMiI  mov&H.'  The  puriwse  caused  the  indi- 
vidual moves  to  hang  together,  so  to  speak. 

)  PlIlsbHry:  ofi.  tit.  *  Binet :  op.  at.,  p.  964,  p.  974. 

*  Hr.  Newman'ii  article  hiu  cot  t>c«ii  publi*bcd,  bnt  the  maanserlpt 
was  ploceil  at  the  irrit«r't  ilisiKisal  tbionjjli  the  klocIneM  ot  Prof.  K> 
H.  liiadley  of  tbe  DalTenity  of  iDdiaoa. 
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/      Binct'  concludes  with  M.  GncU  that  th«  memory  employed 

in  games  without  sight  is  above  all  a  memory  of  reason  ant) 

calctilation,  or  more  concretely,  that  one  does  not  remember 

/that  he  has  moved  hi«  king  at  soch  and  such  a  time,  bat  re- 

/  members  s   certain  project  of  offence  or  defense  in  accord- 

^  ance  with  which  he  has  moved  his  king.     He  qualifies  this  to 

part,  however,  by  the  statement  that  aometimes  individtial 

moveswhicb  make  a  deep  impreKsioti  on  the  mind  and  awaken 

(astonisbmcnt  are  recalled  individually.  One  retains  a  game  of 
chess  as  he  docs  a  printed  line  or  paragraph  ;  the  meaniu];;  aud 
not  the  individual  letters  or  worclH  are  what  is  retained. 

Both  Taiue  and  Binvt  have  studied  the  questioa  of  the  vi»- 
aal  representation  of  the  board  by  the  blindfold  player,  Taioe 
concluded  that  iinch  a  player  sees  the  board  and  the  pieces  oa 
it  as  in  an  "interior  mirror."  He  quotes  an  unnamed  Ameri- 
can to  the  effect  tliat  at  the  beginning  of  a  game  he  scvs  clearly 
before  his  mental  eye.  the  board  and  the  exact  appearance  of 
each  piece,  aud  that  after  the  announcement  of  each  move  h« 
sees  the  pieces  in  the  new  arrangement,  in  exactly  the  sam« 
way.'  The  method  of  Dr.  Tarra&di  is  thus  described  by  Bmet  :* 
At  the  Stan  he  represents  the  board  in  its  original  condition. 
When  he  makes  the  first  move  he  sees  the  board  thus  modified 
and  keeps  the  new  impre^ion  in  his  mind's  eye.  aud  so  on 
through  the  game.  biR  mental  picture  changing  with  each  more. 
Binet's  correspondents,  with  one  exceptloti,  answered  that  they 
used  visual  memory  in  playing  without  sight.  He  concludes 
from  their  answers  that  ttiere  are  two  forms  of  visual  memory 
ttscd  in  blindluld  chess,  which  he  designates  nx  concrete  visual 
memory  and  abstract  visual  memory.  Players  who  make  use 
of  the  former  see  the  forms  and  the  colors  of  the  pieces  and 
squares  on  the  Ixiard  exactly  as  they  arc.  Abstract  visual 
memor>'  is  described  as  follows:  Most  of  the  players  sec  the 
board  mentally.  The  menul  image  is  locahzed  tfcfore  the 
player,  but  he  apperccivcsat  one  time  only  the  partof  the  board 
where  the  interesting  features  of  the  battle  are  taking  place. 
The  board  does  not  ordinarily  have  a  particular  form.  It  is  an 
abstract  board  composed  of  sixty-four  squares.  Very  of^en  the 
edges  of  the  board  are  not  seen.  For  some  players  certain 
diagonals,  having  particular  importanoe  for  the  game,  are  seen 
more  clearly  than  others.  Often  the  colors  of  the  squares  are 
not  clearly  seen,  but  become  grayish,  one  color  being  a  little 
brighter  than  the  other.  The  form  seems  to  be  the  element 
whkh  is  the  most  difficult  to  efface  from  the  mental  image. 


*  Bioet:  of.  eil..  pp.  a;o  ff. 

*TaiDc:  On  Intelligence.    New  York,  1S99. 

'  Binct:  op,  til.,  pp.  176  ff. 
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bat  Bin«t  cslls  the  gcomctricsl  notiou  often  takes  tbe  place 
of  oaloT.  Binet's  correspoudeuU  are  unanimous  in  theopoiloiil 
that  ttiey  represent  to  theitiselves  tbe  positions  of  the  [neces 
and  their  spatial  relations  and  that  no  combination  would  be 
possible  without  such  representation.  Charcot  gives  the  name 
"seomctrical  visual  memory"  to  that  kind  of  visual  memory 
which  simply  conserves  the  positions  nod  the  movements  of 
the  pieces.' 

In  agrccmciit  with  Binct  we  may  say  that  this  kind  of  mem- 
ory is  the  work  of  abstraclton  and  re-snlls  from  the  direction 
which  tbe  player  gives  tp  his  attention.  Form  and  color  are 
neglected  biecause  they  are  of  little  importance.  Thi.'t  iibittrac- 
tkm,  as  Binet  points  ont.  is  comparable  to  that  lo  daily  life 
where  we  gradually  eliminate  details  and  give  attention  only  to 
essentials. 

It  seems  evident  from  Binet's  stndy,  and  from  tbe  statements 
of  many  chess  players,  that  visoal  imagery  in  varying  degrees 
or  clearness  ^m  the  most  perfect  representation  to  the  most 
shadowy,  is  a  very  important  faaor  in  playing  chess  without 
sight,  and  that  most  players  make  use  of  it;  but  there  is,  on 
tbe  other  hand,  data  to  warrant  us  in  saying  that  it  is  not  an 
absolutely  indispensable  factor.  lu  other  words,  it  ts  pos.sible 
that  a  blindfold  K^me  could  be  carried  on  by  a  person  entirely 
devoid  of  visual  imagery.  M.  Goetz,  in  his  paper  published  in 
Binet's  t>ook,  says  that  visualization  is  almost  entirely  absent 
in  bis  blindfold  play  and  that  his  performance  depends  only  on 
"reason  and  calculation."  *  For  example,  he  knows  from  ex- 
perience that  a  pawn  on  the  king's  (burib  Attacks  one  on  bis 
oppoDCOt's  queen's  fourth,  and  that  a  knight  or  a  bishop  on  • 
certain  square  controls  certain  other  squares;  and  this  knowl- 
edge may  be  retained  in  verbal  terms.  Pillsbury,  the  greatest 
of  all  blindfold  players,  also  asserted  that  he  had  little  or  no 
visual  imagery  and  that  he  remembers  each  board  and  the  posi- 
tions on  it  not  as  a  picture,  but  as  a  record. 

Hx'en  in  my  own  limited  experieitce  in  blindfold  play,  I  have 
found  that  visualization  is  an  incidental  and  by  no  means  es- 
sential factor.  In  my  own  case,  in  the  beginning,  %*isnnl  images 
were  entirely  locking,  a  little  later  they  were  present  at  times 
as  the  result  of  a  conscious  efliMl  to  call  them  up.  and  now 
when  they  are  present  they  are  so  only  in  the  most  indefinite 
form.  For  Insinnce,  I  have  no  mental  picture  of  the  board 
aside  from  its  general  outline,  and  the  fonns  and  colors  of  the 
pieces  are  never  present,  except  when  I  have  paid  particnlar 
attention  to  tbem  for  experimental  purposes.  lo  the  begin- 
ning, localization  of  the  play  was  very  indefinite  and  a  repSay- 


I 


>  Binct:  ofi.eit.,  p.  311. 
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log  of  the  games  with  the  board  rtimixhed  many  surprises  both  < 
in  this  regard  and  in  regard  to  tlie  relative  {Hisitiotis  nnd  dis- 
tances of  the  pieces.  At  the  present  lime  the  movements  of 
the  pioccM  sml  the  localization  of  the  play  are  fairly  definite. 
I  seem  to  feel  the  movements  of  the  pieces,  es|iectally  my  own, 
as  if  I  were  actually  moving  them.  Particular  positions  in- 
volving two  or  three  pieces  arc  sometimes  seen  in  so  far  ax  the 
^relative  positions  of  the  pieces  are  concerned,  Normally  I  am 
fa  fair  visualixer,  but  in  blindfold  chess  my  tbiolcing  aeems  to 
\jx  largely  of  other  sorts,  and  especially  in  verbal  terms.  When 
not  engaged  in  actual  play  I  fre<]uently  call  up  a  situation  with 
a  fair  degree  of  clearness,  but  when  playing,  verbal  imagery  is 
the  most  prominent  in  cousciouMic^t.  For  example,  my  op- 
ponent announces  IcnJght  to  the  king's  fiAh,  Ordinarily  I  do 
not  picture  tlic  resulting  portion,  but  calculate  the  radius  of 
action  of  the  piece  thus :  knight  on  king's  fifth  attacks  queen's 
seventh,  bishop's  seventh,  etc.  If  it  is  advanced  to  queen's 
seventh  it  checks  kiug  at  knight's  first,  etc..  etc.  It  would 
seem  that  there  is  a  closer  association  between  the  series  of 
verbal  images  than  between  the  visual  images  or  the  series 
composed  of  both  i-erbal  and  viauai  images.  My  experiment- 
ing has  not  gone  far  enough,  however,  to  furnUh  vct^  much 
that  is  definite  in  TC):;srd  to  this  aspect  of  the  qmrstion.  With- 
out visual  imager^'  the  blindfold  player  would  have  to  rely  on 
twocd,  letter  and  number  symbols,  and  would  have,  it  would 
seem,  a  much  more  difficult  task  than  the  player  with  highly 
developed  power  of  visualization.  In  actual  play,  verbal 
memory  plays  an  important  part  even  for  strong  visnalizcrs, 
for  it  is  oflen  by  this  means  that  they  recall  the  actual  movea 
that  have  been  made  when  they  are  in  doubt  as  to  the  position 
of  any  piece.  My  companion  in  the  attempts  at  blindfold  play 
made  considerable  use  of  visual  imagery  of  Btnet's  abstract 
type,  but  used  other  sorts  to  a  certain  extent.  I  am  inclined 
to  believe  that  with  increasing  experience  both  of  us  would 
have  made  more  use  of  verbal  and  oilier  symbols.' 

In  order  to  determine  whether  it  would  be  jmssible  to  play 
chess  with  no  visual  imagery  whatever,  the  following  experi> 
ment  was  tried.  Games  were  played  without  the  Uim  of  either 
board  or  chessmen,  Tlie  records  were  kept  in  the  German 
notation,  but  in  such  a  way  that  each  player  could  tell  the 
number  and  the  location  of  the  pieces  on  either  side.  The 
moves  and  replies  were  thought  out  as  far  as  possible  with  the 
aid  of  this  recoid  and  in  terms  of  tlie  symbols  used.  Kor  in- 
stance. F  a  5  attacks  any  i>awn  or  piece  on  b  6  :  Kt  c  3  attacks 

)  It  msvbvconjectuteii  tli«t  tlit  iiecesaary  t-ouce  at  ration  of  attention 
on  the  reiationi  of  the  pieceH  rather  tbui  on  the  piece*  tbem»clve«  !■ 
jMiXly  rctponoiblc  for  the  Incomplete  developmeot  ol  vlinal  imagery. 
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b  I,  a  a.  a  4,  b  5,  d  5,  e  4,  c  3,  d  i,  etc.  It  was  thus  possible 
to  calculate  the  relative  positions  of  the  different  pieces  and  to 
iitlack  and  to  defend  any  given  iWKition,  The  experiment  was 
not  long  continued  and  visual  imagery  was  never  wholly  al>- 
sent,  especially  where  attempts  were  made  to  form  combina- 
tions. Nevertheless,  I  am  conviuctM  that  it  would  be  possible 
for  a  person  to  Icaru  to  play  chess  by  means  of  verbal  and 
ntimtwr  symlxils  alone.  The  task  would  be  a  very  long  and 
difficult  one,  but  by  no  means  impossible. 

Tkt  Rttalian  of  Chess  SkiU  to  General  Mental  Abiiity.  If 
chess  is  perhaps  a  tolerable  index  of  temperament  and  cbarac- 
Icr.  is  skill  in  chess  also  a  reliable  index  of  mental  power  in 
general*  The  reply  mu.«  be  qualified.  Many  able  men  are 
good  chess  players,  but  on  the  other  hand  there  are  those  who 
live  for  chess,  who  think,  talk,  and  dream  chess,  who  confirm 
Edgar  Allen  Foe's  observation  that  the  bcM  cbcss  player  may  ' 
be  only  the  best  player  at  chess ;  but  this  namlx;r  is  small  com- 
pared to  the  vast  majority  who  indulge  in  it  only  att  a  [iaHtime. 
Even  among  chess  masters  are  to  be  found  many  who  have 
displayed  cousiderahle  ability  in  other  lines.  Dr.  Emanuel 
Laaker,  the  present  world's  champion  at  chess,  has  taken  his 
doctorate  in  mathematics.  Tschigorin  is  a  Russian  govcm- 
ment  employee,  Maroczy  is  a  professor  of  physics  and  mathe- 
matics at  a  Budapest  college.  Tarrasch  is  a  German  physician, 
Anderson,  at  one  time  champion  of  the  world,  was  a  profesaor 
of  matbematic!!.  and  Staunton,  another  world'.^  champion  sod 
Doe  of  the  best  known  of  the  older  chess  writers,  is  well  known 
also  as  a  writer  and  as  an  editor  of  the  c1a.<isics.  Ruu»>eait, 
Voltaire,  Napoleon,  and  John  Stnart  Mill  are  said  to  have  been 
strong  players,  and  the  historian  Buckle  an  excellcul  one. 
The  Ii«  might  be  increased  almost  indefinitely,  but  enough  has 
been  said  to  indicate  that  skillful  chess  players  represent  all 
walks  of  life,  and  thai  skill  at  chess  is  not  incompatible  with 
success  in  other  lines.  The  chess  player  is  usually  something 
more  than  a  mere  player  of  chess.  At  the  same  time  the  oastA 
of  idhts  savantf  la  various  forms  of  mental  activity,  and  among 
others  In  chess  playing,  prevent  the  inference  that  skill  in 
chesa  is  a  universally  valid  index  of  high  mental  endowment.' 

5.    Special  Psycholoov  op  Chkss. 

Formt  of  Mental  Activity  Required.  We  have  now  followed 
sufficiently,  perhaps,  the  general  aspects  of  the  game,  and  can 
turn  with  advantage  to  its  more  intimate  psychology.  The 
aim  of  each  player  is,  as  we  have  said,  to  checkmate  his  oppo- 

'  See  in  the  •pp«adii  to  thU  •lady  an  Mcoiint  of  a  fair  cheu  pUyer 
of  otbcrwlM:  (ecble  tatc1Uj{cix:e. 
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it,  that  is,  to  bring  his  own  pieces  into  sttcb  a  position  that 
the  opposing  king  could  inevitably  be  taken  at  tbe  next  move. 
Kscb  player  must  tttereforc  cany  ont  a  fcfacmc  of  attack,  over- 
coniing  ob&lacles  aiid  pre%'entiD}{  tbe  blocking  of  his  own  plattit. 
and  at  tbe  same  time  gunrd  himself  (Vom  counter  attack.  The 
game  in  its  most  important  portion  presents  in  esKOce  a  succes- 
sion of  situations  each  of  which  calls  for  special  examination, 
with  reference  both  to  its  present  and  its  future  import,  and  tbe 
selection  or  iuvention  of  an  appropriate  line  of  action.  Tbe 
player  asks  himNelC  continuitlly,  in  effect,  at  least,  what  is  this 
present  situation  and  what  ought  1  to  do  to  meet  it?  The 
game  throughout  may  be  regarded  as  a  serie.s  of  rensotied  in- 
ferences, expressed  liy  moves  upon  the  board.  The  present 
section  will  be  devoted  to  an  exposition  of  tbe  logical  and  psy- 
chological relations  in  question. 

The  Stages  of  Ike  Game  ami  Their  LcgUai  Types,  The  game 
of  chess  proper  is  divided  into  three  fairly  well-defined  parts 
called  tbe  ojiening,  middle,  and  end  games.  There  arc  openings 
without  number  but  all  have  been  the  subject  of  analysis  for  so 
long  that  one  can  obtain  from  the  numerous  books  on  tbe  sub- 
ject information  limited  only  by  bis  capacity  to  retain  it.  The 
f  competent  player  knows  at  least  the  chief  openings  and  enough 
I  of  their  theory  to  meet  any  unexpected  variation  from  the 
usual  mo\'es  and  replies. 

The  end  game,  in  which  the  force»  on  either  side  are  greatly 
reduced,  has  also  received  careful  study  at  tbe  hands  of  expert 
analysts,  so  that  one  may  leain  from  the  hooks  to  recognize 
certain  situations  and  to  know  their  possibilities.     Geometrical 
figtirea  have  often  been  employed  to  show  the  po&sibilities  of 
situations. 
.       In  the  middle  game,   however,  the  player  may  no  longer 
'   rely  on  definite  directions,  but  is  entirely  dependent  on  his 
t    knowledge  of  general  principles  aud  bis  past  expericucc.     Tbe 
former  will  be  of  service  especially  to  the  young  player,  but, 
owing  to  the  infinite  number  of  possibilitieswhich  may  develop 
out  of  tbe  different  situations,  experience  in  actual  play  is  in- 
dispensable.    Here  the  player  must  exercise  all  his  ingenuity, 
I  must  give  rein  to  his  creative  imagination,  and  must  follow 
*  out  as  far  as  he  is  able  the  effects  of  the  different  moves  which 
suggest  themselves.     The  chess  player's  skill  is  measured  in 
terms  of  his  ability  to  do  all  this  successfully. 

Opening  and  End  (lamei.  In  the  opening  game  and  in  the 
end  game  the  logical  type  of  reasoning  is  iisiiaiiy  that  of  the 
categorical  syllogism.  In  case  of  a  typical  opening  it  may  be 
formulated  as  follows: 

In  all  cases  of  the  Bvan'a  Gambit,  pawn  to  the  queca'a 
knight's  fourth  is  the  fourth  move. 
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This  move  is  to  be  the  Totirtb  in  an  Evan's  Gambit. 

Therefore,  this  move  should  be  pawn  to  the  queen's  ksight's 
fourth. 

Similarly  in  the  end  game  the  situation  which  develops  re- 
calls the  procedure  to  be  follovred.  If  While,  forexample.  has 
a  Icing  and  a  rook  against  Black's  king,  be  must  drive  the 
latter  to  the  edge  of  the  board,  bold  him  there  with  hLs  king 
and  mate  vrith  his  rook.  White's  procedure  may  again  be 
icduci-d  to  the  type  of  the  categorical  syllogism. 

All  cases  of  king  and  rook  against  king  are  to  be  met  by 
driving  the  latter  to  the  edge  of  the  board,  etc. 

This  is  a  case  of  king  and  rook  against  king. 

Therefore,  this  is  a  case  to  be  met  by  driving  the  king  to  the 
edge  of  the  board,  etc. 

All  habitual  actions  may  be  reduced  to  Ibis  type  and  Pro- 
teasioT  Charles  Pierce  has  remarked  the  same  about  all  reflex 
actioDS. 

TA^  Middle  Game.  I  n  the  middle  game,  where  genemi  rules 
are  only  partially  applicable,  the  logical  procedure  is  mixed  and  ] 
will  differ  somewhat  according  to  the  grade  of  the  player.  lo 
what  follows  immediately  we  shall  assume  thcplaycr'sconditioo 
to  be  that  of  a  not  verj-  skillful  amateur;  of  the  professional's 
eoodilion  we  shall  speak  later.  So  far  as  general  rules  apply 
to  the  middle  game,  the  play  will  be  of  the  deductive  type 
which  we  have  just  illu-si rated,  but  In  the  vast  majority  of 
cases  it  will  be  more  complicated.  The  situation  is  not  of  the 
known  sort  that  invites  application  of  general  rules,  but  of  an 
unknown  iwrt  in  which  the  essential  featnres  (or  true  meaning) 
must  be  disentangled  from  a  mass  of  obscuring  details,  and 
when  disemanitled  must  be  met  by  a  move  or  a  line  of  play  es- 
pecially selected,  or  invented,  for  the  purpose.  The  logical 
type  is  not  now  simply  deductive,  hut  really  a  series  of  loj^icil 
steps  resembling  the  sort  of  scientific  procedure  which  Jevons, 
for  example,  calls  the  "Combined  or  Complex  Method.'"  Ao 
bypothesi.'i  is  first  formed,  deductive  inferences  drawn  from  It, 
an<l  these  tested  by  experiment.  The  player  finds  before  him 
a  situation  created  by  the  last  move  of  his  opponent.  His 
study  of  the  situation  gives  it  «  certain  character  in  his  mind 
equivalent  to  the  formation  of  an  hypothesis  with  regard  to  it. 
He  then  rea.<(ons:  This  is  a  situation  of  such  .and  such  a  sort 
snd  therefore  to  be  met  by  such  a  move  in  reply.  The  move 
in  reply  is  then  tried  in  imagiualion.  If  it  seems  successful  It 
is  accepted  and  ncinally  made;  if  it  Is  seen  to  be  unsatisfactory, 
it  is  rejected  and  a  better  one  sought  for  the  same  purpose,  or 


'JevoBi :  Leasont  in  l<ogJc. 
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wbat  is  more  likely,  the  hypothesis  itself  (tbeooaceived  charac- 
ter of  the  situatioa)  has  been  changed  by  the  evtdeat  Dufitness 
of  the  move  imagined. 
•     Skill  is  shown  in  the  opemag  and  end  games  by  the  rcadi- 

H&ess  with  which  the  player  recoKuizes  the  conimoii  situatioa 

U  Knd  drawl  from  memory  the  npprupriutc  response.  Skill  in  the 
middle  game  is  showu  by  the  readiness  with  which  be  recog- 
nir^es  the  eNsendal  features  of  a  new  situation,  and.  in  bis  iooer 
cz  peri  men  tat  ion ,  hits  upon  a  move  that  fits  the  case,  i.  t., 
proves  by  its  appropriateness  that  his  diagnosis  of  the  sitoation 
was  correct. 

This  is  the  condition  of  the  commonplace  player.  The  case 
of  a  perfect  player,  one  with  chesis  omniscience,  whose  analysis 

A  was  perfect,  who  conld  see  the  game  to  the  end  at  any  stage  of 
it,  would  be  <]uite  diSerent.     Having  a  perfect  plan  of  pro- 

)  cednre  for  every  case,  he  would  play  thronghont  ver>-  much  as 
the  amateur  ptays  tbc  opening  and  the  end  games.  Excellence 
in  play  ranges  upward  from  the  condition  of  the  amateur  toward 
that  of  the  perfect  player.  To  the  chess  master  many  of  the 
situations  that  arise  in  the  middle  game  are  already  familiar 
and  the  best  means  of  meeting  them  known.  Others  will  be 
unknown:  and  then  the  crucial  point  of  his  opponent's  attack 
must  be  discovered  and  an  appropriate  response  devised.  His 
play  is  for  the  moment  of  essentially  the  same  type  as  that  of 
the  amateur,  except  that  he  is  both  by  nature  and  experience 
much  more  prompt  in  discovering  the  essential  feature  of  the 
attack  and  much  more  resourceful  in  finding  means  of  repel- 
ling it. 

Let  US,  however,  return  to  tbc  logical  type  employed  by  the 
commonplace  player.  The  type  followed  in  the  opening  and 
end  games  would  correspond  closely  to  the  typical  logical  pro- 
cedure as  described  by  James.' 

The  type  followed  in  the  middle  game  dilTers  from  the  formal 
sketch  of  James  which  has  in  view  reasoning  of  the  dedueiive 
type.  Here  the  essential  characteristic  of  the  situation,  even 
when  discovered,  does  not  suggest  any  well  known  group  of 
amilar  cases  to  which  it  may  be  referred  and  for  which  a  defi- 
nite mode  of  procedure  has  already  been  worked  out.  The  es- 
sential characteristic  can  at  the  most  suggest  only  a  very  gen* 
eral  kind  of  procedure;  it  gives  no  inkling  of  just  what  should 
be  done.  The  player  knows  that  he  rauMt  sacrifice  the  threat- 
ened piece,  or  withdraw  it.  or  intercept  the  attack,  or  make  a 
counter  attack,  but  which  of  these  is  best  must  be  thought  out 
for  each  situation.  His  usual  method  is  to  try  in  imagination 
one  move  after  another  until  be  finds  one  that  seems  superior 


'  Jame*:  Principlea  of  Paychology,  N.  V.,  1899,  Vol.  II,  pp,  jy)  fl. 
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to  all  the  Test.  And  often  it  is  only  during  this  experimental 
process  that  the  full  si^ificxtion  of  the  situation  dawns  upou 
him. 

Such  reasoniuK  is  coucrclc  and  practical,  not  put  into  words, 
or  only  partially  so,  and  allied  to  the  rea^ning  of  animals  and 
children.' 

But,  as  Morgan  well  shows,  the  logical  reasotiing  of  man  is 
Uirgcly  dependent  on  the  need  of  communication  and  the  use 
of  language;'  a  chess  game ^ov^i/  is  reasoaed  in  particulars; 
the  same  game  explained  and  defended  to  a  companion  would 
be  cast  in  verbal  and  syllogistic  form. 

Piyeh&lonieal  Restatement  of  the  Legist  Types.  This  last  re- 
mark touches  upon  an  c^wntiiil  jiomt  to  which  we  must  give 
yet  a  little  further  attention,  namely,  the  difference  between  the 
logical  types  of  reasoning  and  the  actual  psychological  pro- 
ceases  which  they  symbolize,  All  processes  of  reasoning  are, 
as  psychological  facts,  sequences  of  mental  states  due  to  shift- 
ing of  the  focal  point  of  attention  and  to  processes  of  association 
dependent  thereon.  In  the  deductive  portions  of  the  game — 
the  opening  or  end  game,  where  the  play  ia  guided  wholly  by 
rule — the  process  is  one  of  serial  association  running  off  under 
the  general  influence  of  the  conception  of  the  opening  (or  end 
game)  which  remains  in  the  baclcgrouiid  of  consciousness. 
Each  move  suggests  the  next  in  fixed  sequence,  as  one  might 
say  the  alphabet,  having  in  the  bockgronnd  of  his  conscious- 
ness the  desire  to  say  it. 

For  the  middle  game  let  us  take  a  concrete  example.  IiCt 
us  »iy  tliat  it  is  Black's  turn  to  move.  He  glancts  at  the 
board  and  notices  the  queen  and  knight  of  his  opponent  in 
position  to  develop  a  double  check  upon  his  king.  Association, 
under  the  guidance  of  bis  general  knowledge  of  the  purpose 
of  the  game,  freely  suggests  the  con^jeqnences,  if  he  cannot  io 
$onie  way  interfere.  Attention  then  shifts  to  the  respoose  to 
be  made  and  as^iociatiou  again  coming  in  suggests  the  readiest 
means  of  defense.  In  other  wonLt.  the  situation,  regarded 
from  the  point  of  view  of  defense  and  held  in  the  focus  of  at- 
tention, recalls  by  association  a  number  of  possible  mo\'es. 
These  associations,  following,  of  course,  the  readiest  lines  of 
habit,  are  not  by  any  means  at  random,  but  operate  strictly 
within  the  limits  imposed  by  Black's  knowledge  of  the  general 
rules  of  play  and  his  present  intention.  Each  of  the  moves 
suggested  is  itself  brought  to  the  focus  of  attention,  is  tried  ia 
Imagination,  probably  by  incipient  movements  of  eye  or  hand, 

>It  U  whnl  Koroniica  calls  r«iuooiaf[  ia  particiiUrs.  RomaoM: 
Mental  Bvoliitlon  in  Animala.    N.  Y.,  1900.    p.  337. 

*Slorf>an:  iDtrodnclion  t«  ComjiArative  Psychology.  tiondoD  and 
N.  v.,  1909.    pp.  »93  ft. 
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aad  accepted  or  rejected  as  th«  case  may  be.  If  accepted,  it  is 
put  into  execution  io  the  same  manner  as  other  voluntary 
movements. 

The  mental  action  of  the  player  in  such  a  situation  Is  auftlo- 
gous  to  that  of  tbe  iu%-eutor.  A  half  fiotshed  machine  stands 
before  him  ;  his  problem  is  clear  ;  he  niii.st  cause  such  and  such 
movement  in  such  and  such  parts  in  order  to  bring  about  a  de> 
sired  result.  He  runs  over  in  his  mind  the  varieties  of  pulleys, 
cranks,  gearings,  cams  and  the  like  with  which  he  is  familiar, 
and  finally  selects  one  or  the  other  as  the  most  likely  to  ac- 
complish what  he  wishes.  A  high  grade  of  Nktil  as  an  inventor 
or  as  a  player  of  chess  involves  the  utmost  readiness  in  %cing 
just  what  needs  to  he  done  aud  in  discovering  the  means  of 
doing  it.  Expcrieiicc  helps  immensely  in  both  of  these  direc- 
tions; and  it  brings  many  cases  under  fixed  rules  so  that  they 
are  dealt  with  by  simple  associations  nnd  correspondingly  re- 
duces the  number  of  cases  that  must  be  treated  as  singular  and 
without  rule,  and  greatly  enriches  the  fund  of  expedients  that 
may  be  tried  in  such  singular  cases.  When  the  case  is  so  un- 
familiar that  ex]>erieiice  suggests  nothing,  the  reasoner  is  re- 
duced to  simple  blind  fumbling,  on  a  level  with  that  of  tbe 
brutes,  and  rational  procedure  reduces  to  the  "method  of  trial 
and  error."  The  situation  aronsesan  impulse  to  do  something; 
there  is  a  blundering  attack:  efforts  that  lead  to  unpleasant 
consequences  are  rejected;  those  with  pleasant  consequences 
are  repeated.  Man's  more  complex  mechanism  of  apperception, 
his  wider  range  of  associations,  and  bis  power  of  imaginative 
action  all  combine  to  reduce  the  coses  where  blind  fumbling  is 
necessary,  but  when  these  ixiwers  are  of  no  avail  there  is  bat 
one  method,  and  that  is  the  method  of  lucky  bits. 

II.    Tub  p5vcHot.ooY  of  thb  Lbakkino  of  tbb  Gaub. 

1 ,     Gfneral  DticripHot*  of  Ihe  Learning  PfotetUi  in  Chess.* 

In  the  preceding  sections  have  been  set  forth  what  I  con- 
ceive to  be  the  general  outlines  of  the  mental  activities  involved 
in  chess  playing.  It  is  popularly  believed  that  chess  is  a  very 
•  hard  game  to  learn,  that  it  Ls  difficult  for  every  one  aitd  im- 
possible for  many.  To  a  certain  extent  this  Is  true.  Chess  la 
CL  difficult  game,  but  it  is  so  because  it  requires  a  peculiar  mental 
equipment,  rather  than  bccnnsc  it  calls  for  one  of  an  especially 
high  order.  First  and  foremost  is  required  a  liking  for  chess. 
"•  The  man  who  finds  it  uninteresting  may  as  well  give  it  up  at 
once.     Next  it  requires  powers  of  sustained  attention  and  an 

)  My  inurcc*  of  infortuBiion  lierv  are  my  own  inlroaiieeiiTe  notes 
while  learning  to  p!*y,  uid  tltoM  of  (our  aitisianta,  togelber  with  tlie 
ie(>lie«  of  my  corroepondeata. 
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excellcat  memory;'  and  bailed  on  these,  considerable  powers 
of  analysis,  and  vUual  imagination,  or  lu  equivalent  in  some 
other  sense  deparlmcat. 

Increase  in  skill  means  increase  in  the  Icnowledfte  of  chest 
situations  and  how  to  meet  them ;  or,  in  more  psychological 
terms,  increasing  "meaning"  in  certain  arranRcmeuts  of  the 
pieces.*  and "  tiicr<r.-i.'si-<!  f;»ciltty  of  association  between  these 
meaningful  arrangements  and  certain  other  arrangements 
(moves  to  be  made)  imaginatively  constructed ;  or,  in  still 
Otber  terms,  more  adeqaate  apiKrception  of  the  situations  and 
richer  and  better  organized  associations  connected  therewith. 
These  orKanized  apperceptions  and  associations  insure  truer 
and  prompter  apprehension  of  the  difficulty  to  be  met  and 
better  nnd  prompter  selection  of  the  means  to  meet  it.  Skill 
is  largely,  though  not  wholly,  in  proportion  to  knowledge,  and  * 
knowledge  in  proportion  to  experience.' 

The  player's  progress  may  be  divided  roughly  and  for  par- 
poses  lit  description  into  five  stages.     ( i )  The  first  step  is  to 
learn  the  names  and  movements  of  the  pieces.     The  former  is 
easily  done,  but  the  latter  requires  a  trifle  of  practice  before 
the  pieces  can  be  readily  used  in  play.     This  is  especially  true 
in  the  case  of  the  knight,*     For  succes-sful  play  the  moves  \ 
must,  in  the  end,  become  automatic,  and  this  automatism  is  i 
not  reached,  as  the  game  i.^  usnnlly  learned,  in  the  first  staj^  ■ 
itself.     It  dci>cnds  for  its  perfecting  on  the  practice  obtained  in 
sticcccdinft  ones.     This  probably  is  the  natural  method  in  all 
tearnint;,  the  greater  interest  of  the  advanced  stages  &uiUnj^ 
the  learner  over  the  drudgery  necessary  for  complete  p«nctiOD 
of  the  automatisms  of  the  earlier.     When  the  moves  have  be- 
come automatic  the  men  arc  no  longer  pieces  of  wood,  jade  or 


1  Tbeae  laat  may  not  leem  abaolntely  ettcntUI  in  fieir  of  the  com  to 
be  dcRcrtbed  <n  i)in  appsadlx,  bnt  cvvii  from  that  caac  I  sliall  Iiop«  to 
iiliow  that  iliis  HtaiemcDt  U  jaitiAed. 

'  Stout-  Mnnual  of  Piychologv.     N.  V.,  1&99.     pp.  84  II. 

'  1  «y  "iiol  wlioUy  lo  propoitiAii  to  kiiowledjjc,"  b«CRU«c»kl1l  rci>- 
rcsctitfi  outy  that  pattof  Km>wle<I|;e  that  can  be  raadilr  and  effeetirely 
applied.  Our  Kcocrmi  problem  in  tbissectiotii*,  therefore,  to dctcrib«, 
■I  far  a*  wc  Ate  able,  tbr  way  Id  wbicb  cxpcrieac«  b«comei  traiiamatcd 
Into  kkill.  Oar  immediate  concern  Is  with  cbeiw  (kill,  bat  il  we  are 
■ucceuful  in  our  ttndr  of  that,  we  sball  be  jollified  In  certain  infer- 
ences  with  rcK>>riI  to  nianyotber  »orts  o(  Unriiiox  whkb,  like  it,  arc 
niattcta  i>f  mctitHl  a*  oppoacd  to  purely  physical  traininf'- 

*  KoowlctiKc  of  checKcra  i*  at  firat  a  M>urce  of  maiij  intetfereacea. 
The  player  i»  tempted  to  move  bj«  piiwa*  diagonally,  h*B  a  tendency 
to  ktep  hU  piece*  buiK-bed  so  that  bis  opponent  caunot  "jump"  tbem, 
Is  on  the  lookout  for  vacant  aquare*  on  which  to  plant  hit  pieces,  and 
ho*  a  Icn.icncy  to  clear  the  board  as  soon  aa  imailble.  He  *l»0  find* 
it  diflieult  lo  lemembvr  that  the  pieces  can  retr«Bl  after  baving  been 
once  advanced. 
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ivory, — static  tliiugs — bot  forces  cai>able  of  being  exerted  io 
defioite  (liTectioDs. 

(a)  The  secoad  stage  may  be  cbaTactemed  as  tbe  stage  of 
iadivtdual  moves  of  offence  end  defense  dtirinf;  which  the  be- 
ginner plays  with  no  definite  aim  other  than  to  capture  his 
oppoaeat's  pieces.  Even  this  he  blunders  atwut,  often  over- 
looking  for  several  moves  n  chance  to  capture  a  man  tbnt  has 
been  left  en  priie.  My  notes  contain  many  entries  showing 
two  bishops,  l>oth  nnprotecled,  left  facing  each  other  for  several 
moves,  or  a  queen  moved  within  range  of  a  bishop  or  a  knight. 
The  player  is  able  to  attack  one  of  his  opponent's  pieces  and 
is  able  ordinarily  to  defend  himself  against  direct  attacks. 
Whichever  he  attempts  to  do  he  mnst  give  bis  whole  aitentioo 
to  it,  and  even  with  this  extreme  of  concentration  he  is  able  to 
see  only  the  immediate  consequences  of  the  move.  In  general, 
however,  hi.s  lack  of  conception  of  the  aim  of  the  game,  causes 
bim  to  play  nt  random.     His  play  lacks  unity  and  the  pieces 

/are  moved  hither  and  thither,  unsupported  and  uusup;>ortiog ; 

'  he  has  no  conception  of  the  game  a*  a  well  planned  .^etinence, 
Nc\i:rthcless  he  has  hovering  in  the  l>ackground  of  conscious- 
ness some  idea  of  the  ultimate  object  of  the  play,  the  hemming 
in  of  the  adverse  king,  and  is  ioQuenccd  somewhat  by  it. 

(s)  The  beginner  Is  soon  able  to  tell  at  a  glance  what  any 
single  piece  can  do,  but  no  one  piece,  not  even  tbc  queen.  Is 
very  strong  unless  supjiorted  by  others.     Hence  the  ta^  in  the 

(third  Mage  of  the  beginner's  progress  becomes  that  of  learning 
the  Kircngth,  not  of  individual  pieces,  but  of  pieces  in  relation 
to  each  other.  He  has  to  Icam  the  value  of  gronps  and  the 
value  of  individual  pieces  as  parts  of  particular  groups.  There 
arc  times  when  a  bishop  or  a  knight  or  «'en  a  pawn  may  be  so 
situated  (hat  its  direct  iufiucncc  is  greater  than  thst  of  a  rook 
or  a  queen.  Many  of  the  most  fascinating  of  the  recorded 
games  are  those  in  which  one  player  has  actually  given  away 

I  one  or  more  of  his  pieces,  often  his  queen,  in  order  to  gain  the 
advantage  of  the  relative  positions  resulting  from  the  move- 
ment of  the  pieces  involved. 

Alwut  the  time  the  heRinner  has  passed  beyond  the  first  two 
stages  of  his  learning  and  during  the  thiid,  the  idea  of  check- 
ing becomes  the  dominating  one  with  him  and  his  eSbri-s  lend 
to  centre  upon  that  exclusively.  This,  of  course,  leads  to  pre- 
mature attacks  which  usually  result  disaMrously  to  the  ag- 
gressor. He  is  also  prone  to  fix  his  attention  on  his  own  plans 
'  and  most  likely  on  the  particular  part  he  is  about  to  execute  at 
,  the  moment,  to  the  neglect  of  all  others.  He  suffers  from  in- 
ability to  take  in  a  number  of  details  at  the  same  time.  They 
have  no  meaning  except  as  details,  and  if  he  concentrates  on 
one,  others  must,  by  that  very  &ct,  be  neglected.     He  has 
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ittle  idea  of  the  importance  of  (!cvelo[»ng  his  pieces,!,  t., 
making  tbem  available  for  future  offeace  and  defeuse,  and  of 
the  value  of  position.  The  attack  of  bis  opponent  compel* 
some  defensive  play,  however,  and  no  defense  can,  of  course, 
be  made  without  the  co-operation  uf  at  least  two  pieces,  so 
that  be  soon  learns  something  of  the  use  of  pieces  in  combina- 
tion.  He  learns,  for  example,  that  often  a  piece  may  defend 
RQOtber  and  at  the  same  time  attack  one  of  bis  opponent's 
pieces,  that  in  some  cases  where  two  pieces  are  attacked  simul- 
taneously one  may  be  withdrawn  and  sq  placed  as  to  protect 
the  other,  and  that  a  counter  attack  is  often  the  best  defense. 

He  has  made  considerable  progress  in  this  stage  when  be  is 
able  to  give  attention  to  the  plans  of  his  opponent  beyond 
those  (bat  arc  immediately  connected  with  his  own,  though  in 
this  particular,  temperament  play.s  a  large  rMe.  That  this  is 
the  u.sunl  experience,  however,  is  testified  by  the  lact  that  after 
a  player  is  able  to  form  a  deSuitc  plan  of  bis  own  involving 
some  use  of  combination,  be  is  often  »uri>ri»ed  by  checkmate 
when  he  is  within  a  single  move  of  checkmating  bis  opponent. 
He  is  unable  to  carry  out  bis  own  plans  and  at  the  same  time 
to  gt%-e  attention  to  anything  else ;  be  is  particularly  weak  in 
defense. 

In  general  we  may  say  that  the  beginner  at  this  stage  is  not 
able  to  play  in  proportion  to  his  knowledge.  He  recognizes 
bis  errors  when  they  are  pointed  out  to  %im,  but  be  is  unable 
to  avoid  them.  My  records  show  many  familiar  blunders  oc* 
ctirring  over  and  over  again.  The  beginner's  material  <3$ 
knowledge  is  not  organized  and  therefore  not  available  in  any 
sttoatioQ  except  the  most  simple, 

(4)  The  player  has  entered  upon  the  fourth  stage  when  be 
begins  consciously  to  plan  the  syNtemattc  development  of  his 
pieces.  This  necessarily  involves  some  knowledge  of  the  value 
of  position,  which  knowledge  we  may  call  judgment  of  paiition. 
These  judgments  arc  generalizations  and  are  the  result  of  the 
player's  own  experience,  or  have  oome  to  him  in  the  form  of 
general  principles  from  the  experience  of  other*.  However 
they  may  come  to  the  player  their  possession  is  absolutely  es- 
sential to  further  progress.  Now  the  player  no  longer  hia  to 
puzzle  himself  by  attempting  to  consider  all  the  possibilities  ol 
the  situation,  a  thing  be  is  utterly  unable  to  do,  but  be  applies 
his  principle.  Hts  principles,  especially  those  be  has  fofmu> 
lated  for  himself,  arc  usually  only  partially  true  and  have  to 
undergo  constant  modification  as  his  knowledge  and  experience 
iccreasc.  He  knows  now  a  nnmbcr  of  definite  situationx  and 
bis  plans  radiate  from  these  and  arc  more  far  reaching.  He  is 
al.<u>  in  a  position  to  give  more  attention  to  the  moves  and,  in- 
deed, to  the  general  plans  of  his  opponent.     This  is  a  consid- 
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erab1«  advance,  for  it  means  that  the  player's  mental  liorizon 
has  been  exteoded  very  much  and  that  he  is  able  to  disregard 
the  i]on-«s»(MiIials  to  a  greater  extent  than  before.    Given  posi- 
tions assume  more  and  more  importance  and  one  of  the  great 
marks  of  improvement  is  the  development  of  "position  sense."' 
,       (5)  As  wc  have  already  pointed  out,  "position  sense"  i«  a 
I  restilt  of  experience,  and  as  such  is  the  product,  we  may  almost 
\  say  the  culmination,  of  one's  whole  cheMs  devetopment.   Never- 
theless, a  fairly  good  knowledge  of  the  value  of  diSerent  posi- 
tions marks  Huch  an  advance  over  the  player  who  is  in  what 
we  have  called  the  fourth  stage  that  it  may  be  taken  ta  the 
fifth  in  the  player's  course  of  development. 

The  stages  mentioned  above  are  somewhat  arbitrary,  and 

may  not  be  followed  exactly  in  iudividual  cases,  but  they  will 

at  iesst  gt\'e  some  indication  of  the  course  of  the  player's  de- 

Telopnient,   which  may  be  summariKcd   in   brief  as  follows ; 

"First  the  names  and  moves  of  the  pieces  are  learned.     Then 

-  comm  the  period  of  blunders,  of  indefinite  play,  of  premature 

—  attacks,  and  of  concentration  on  single  moves,  particular  situa- 
.   tions  or,  al  be«l,  on  a  plan  imperfectly  worked  out.     Later,  one 

is  able  to  sec  farther  ahead,  to  foresee  results  more  accurately, 
and  to  give  some  attention  to  the  plans  of  his  opponent.  At 
the  same  time  some  typical  forms  of  attack  aud  defense  and 
some  general  principles,  or  supposed  principles  are  being 
learned,  together  with  some  knowledge  n<  position.  Along 
with  all  of  this,  though  appearing  consciously  much  later,  goes 
an  ever  increasing  power  of  aualy.sis  and  improvement  id 
"position  sense." 

Some  of  the  most  common  blunders  or  oversights  of  these 
early  Mages  are  leaving  pieces  en  prise,  i.  e.,  uaprotected  and 
in  a  position  to  be  captured  on  the  next  move  of  the  opponent : 
allowing  two  pieces  to  be  attacked  simultaneously  by  one 
piece :  removing  a  guarding  piece,  resulting  in  the  loss  of  the 
guarded  one;  allowing  a  piece  to  be  "pinned,"  i.  ;., leaving  it 
in  such  a  situftlion  that  either  it  cannot,  under  the  rules,  be 
moved  at  all,  or  only  with  loss  of  an  important  piece.  Errofs 
of  a  more  general  nature  are  overlooking  the  bearing  and  force 
of  dJNtant  and  far-reaching  pieces,  errors  in  pawn  play,  not 
correlating  the  pawns  and  pieces,  blodung  the  radius  ol  action 
of  the  men.  forgetting  the  purposewhich  prompted  the  placing 
of  a  piece  in  a  certain  position  and  a  consequent  loss  of  time 
in  replacing  it,  or  a  di.sorgnnixation  of  forces,  and  finally,  faulty 
combinations  and  unsound  sacrifices.  Many  blunders  arise  at 
all  stages  of  skill  from  haste,  impatience,  and  impulsiveness, 
but  they  arc  especially  numerous  with  beginners. 

'  Vide,  p.  377, 


TBB  FSTCHOLOGT  OF  CBBSS.  ^97 

2.     DisausioH  of  tlu  Learning  Proass. 

We  faave  now  given  an  account  of  tbe  stages  of  learning  ;  it 
remains  to  speak  more  particularly  of  the  psychology  of  the 
learning  process.  Onr  problem  is  to  explain  the  development 
of  a  beginner,  who  knows  merely  the  names  of  tbe  pieces  and 
their  powers,  into  the  skillfal  player  who  makes  nse  of  these 
simple  elements  in  intricate  and  purposeful  combinations.  We 
have  to  do  with  tbe  growth  of  skill  in  strictly  mental  opera- 
tions within  the  limited  field  of  chess  play.* 

Obviously,  memory   is   the  sine  qua  non   of  learning,   bqt 
although  of  prime  importance  it  is  only  one  of  the  foctors 
involved.     It  mnst  be  such  a  memory  as  leads  to  the  organiza-  \ 
tion  of  the  mental  materials  rather  than  to  their  mere  retention.  / 
One  could  not  be  far  wrong  iu  saying  that  mental  skill  is  in 
direct  proportion  to  the  degree  of  this  organization.     How  or- 
ganization can  best  be  brought  about  is  still  an  open  question, 
and  indeed  its  answer  would  involve  the  entire  psychology  of 
pedagogy.     Its  ultimate  nature  we  do  not  know.     To  a  great   . 
extent  the  material  organizes  itself,  i.  e.,  the  organization  is   ] 
physiological  and  a  matter  of  growth.     This  fact  was  clearly 
pointed  onl  by  Dr.  Bumham,  who  holds  in  his  study  on  "Re-    i 
troactive  Amnesia"  *  that  impressions  require  a  certain  time  in   ' 
which  to  fix  themselves.     The  growth  process,  fixing  tbe  im-   j 
pression  and  strengthening  tbe  association  tracts,  is  an  iodis-   ' 
pensable  factor  in   learning.     A   multiplicity  of  impressions 
might  be  made  to  follow  so  closely  on  one  another  that  none  of 
them  could  become  fixed.     In  that  case,  of  course,  nothing 
would  be  learned. 

iNnmeroDB  studies  hsTc  been  made   on    memory,   mltention,   and 
other  complex  mentftl  processes  and  •  considerable  nnmber  on  learn- 
ing, bat  these  latter  have  been  concerned  chiefly  with  motor  training. 
Bryan  and  Harter'a  study  on  the  learning  of  the  telegraphic  language 
among  the  earlier  atndies,  ia  the  nearest  approach  to  the  present  one,  I 
but  it  deals  more  eapccially  with  a  sort  of  learning  which  is  of  a   I 
miscd  motor  and  sensory  type,  whereas  the  skill  here  in  question  is  ' 
almost  wholly  central.     In  that  alndy  learning  on  the  sensory  side 
consisted   in   the   formation   of  fixed   associations  between  complex 
sounds  and  the  corresponding  words;  in  our  case  the  learning  proceas 
involves  the  formation  of  complec  gronpi  rather  than  that  of  fixed 
associations  of  symbol  and  word.     Nevertheless  mnch  of  what  Bryan 

•  and  Harter  discovered  in  reference  to  this  latter  sort  of  learning  is 
strictly  applicable  to  tbe  form  with  which  we  are  dealing,  especially 
their  chief  generalization,  namely,  that  advance  In  skill  depends  upon 
the  formation  of  a  "hierarchy  of  habits."  Among  the  more  recent 
studies,  that  of  Swift,  on  Beginning  a  Language,  iu  the  Garman  Com- 
mcmorative  volume  (Studies  in  Philosophy  and  Psychology  by  former 

'  students  of  Charles  Edward  Garman,  Boston,  1906)  may  be  mentioned 
aa  dealing  like  this  with  a  form  of  mental  skill. 

'Bnmham:  Retroactive  Amnesia,  Amer.  Jour.  0/  Piy.,Vo\.  XIV, 
1903.  pp.  383-396. 
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In  this  connexion  I  niiiy  mentioa  that  the  returns  of  m)' 
correspoodtmu  also  indicate  that  short  periods  of  rest  frora 
I  cbeM  practice,  varying  with  the  individual  froto  a  few  weeks  to 
\  several  months,  may  cause  a  noticeable  increase  in  skill.     Re- 
newed interest  and  consequent  greater  effort  in  beKiuning  again 
after  an  interval  of  no  play  may  account  for  this  in  part,  and  it 

I  may  be  also  that  in  constant  playing  the  details  accumulate 
(outer  than  the  mind  can  assimilate  them,  so  that  the>*  confuse 
rather  thsn  aid  the  player.  This  seems  plausible  when  we  re- 
member the  difficulty  the  beginner  has  iu  applying  known 
principles  to  a  mass  of  detaiK  Then,  too,  when  the  stress  of 
new  impressions  ceases,  an  opportunity  is  given  to  take  an  in- 
ventory of  the  mental  stock.  This  is  uot  possible  to  any  great 
extent  when  new  impressions  arc  crowding  in,  and  the  attea- 
tion  is  fully  occupi«l  with  them.  On  the  other  band,  lonp 
periods  of  inactivity  have  a  very  different  effect.  Players  m&lce 
blunders  in  the  openings,  their  combinations  are  not  so  far 
reaching,  aud  a  greater  effort  is  ri^uired.  Ever)'  part  of  the 
game  that  requires  pure  memory  is  affected  and  it  Is  often 
necessary  to  do  consciously  what  bad  previously  been  auto- 
matic. This,  however,  has  to  do  merely  with  the  fixation  of 
separate  impressions  and  of  ideas  with  their  associates,  and  our 
problem  is  rather  to  account  for  the  combination  of  these  ele- 
ments into  larger  and  larger  complexes.  On  the  physiological 
side  little  is  known.  The  most  that  can  be  said  is  that  in- 
creasing complexity  of  nervous  function  parallels  incremsiug 
complexity  of  mental  function.  However  that  may  be,  our 
explanation,  for  the  present  at  least,  must  be  sought  on  the 
psychological  side. 

If  we  omit  the  very  earliest  stages  in  the  chess  player's  de- 
I  velopuient.  the  first  significant  fact  is  the  beginner's  utter  ina- 
I  bility  to  use  in  actual  play  what  little  chess  knowledge  he 
pos-sesses.  His  blunders  are  recogni/ed  at  once  when  they  are 
pointed  out  to  him.  but  in  spite  of  his rcs'ilntion  to  avoid  them, 
he  finds  himself  committing  the  same  ones  over  and  over  again. 
It  seems  that  the  more  he  tries  to  avoid  them  the  more  blunders 
be  makes.  The  intensity  of  his  effort  and  the  deep  interesl  be 
takes  iu  the  game  precludes  mere  carelessness.  His  difficulties 
arc  not  due  to  lack  of  attention,  bnl  to  the  concentration  of  the 
(  attention  on  one  fcattire  of  the  game  to  the  neglect  of  all  the 
others.  He  sees  this  single  thing  and  nothing  more,  because 
it,  of  all  the  mass  of  impressions,  has  some  meaning  for  him. 
Were  it  possible  to  determine  the  span  of  one's  chess  attention 
during  the  different  periodsof  his  progress  in  teaming,  it  would 
be  possible  to  give  objective  evidence  of  the  progressive  fusion 
of  the  different  elements  into  largerand  larger  complexes.  The 
course  of  development  would  extend  from  the  suge  In  which 
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the  player  is  iinnMc  to  sec  in  their  completeness  even  the  im- 
mediate coiiscqueoces  of  a  ginglc  move  to  that  in  which  he  in 
able  to  take  in  nt  a  glance  the  <]iitpO!tition  of  all  the  plewH  on 
the  board.  The  building  up  of  tnentai  complexes  in  leamtog  \ 
chess  and  those  involvedin  other  sorts  of  learning  are  not  essen- ' 
tially  different.  There  is  a  close  analogy,  forexamplc,  between 
the  cbesK  player  leaToing  the  moves  and  bluuderinR  tbrouRh  i 
his  firm  few  camefl,  and  the  child  learninfc  to  read,  or  the  lele- 
l^rapher  learning  to  send  and  to  receive  messages.'  The  letter, 
the  telegraphic  dot  or  dash,  or  the  single  move  in  chess  is  at 
first  the  unit  of  perception.  I.ater  the  word,  a  series  of  dots 
and  dashes,  or  the  relation  of  two  or  more  pieces  to  each  other 
beootnea  the  unit.  The  child  learns  bter,  f)o.-<«ibly.  tocompre- 
beod  at  a  gbnce  the  meantog  of  a  phrase  or  a  sentence;  the 
telegrapher  to  receive  by  phrases;  the  chess  player  to  talce  iu  a 
whole  situation  at  a  glance.  Not  only  ha.^  the  unit  of  perception 
become  larger  and  larger  but  it  bas  become  more  and  more 
meaninRfuI. 

Perhaps  the  anology  is  closer  still  between  the  chess  expert  i 
and  the  mathetualician  who  has  merely  to  glauce  at  a  formula  or  f 
at  its  first  two  or  three  terms  in  order  to  rccognijie  its  full  im- 
port, Hvcr>-  situation  in  a  game  of  chess  which  requires  read- 
justment of  the  player's  plans  is  a  problem  for  him,  and  the 
quiclcnc^  and  the  accuracy  of  his  solution  will  depend  upon 
his  ability  to  seize  upon  the  salient  and  essential  features  and 
to  neglect  those  which  have  no  meaning  for  that  particular 
situation.  Obviously  the  mathematician's  skill,  when  con- 
fronted by  a  problem,  will  display  itself  in  his  ability  to  recog- 
ni]!C  the  fundamental  nature  of  the  problem.  Lindlcy  found  , 
that  an  expert  Qiathematician,  among  those  who  attempted  to 
solve  his  pur-zle,  recognized  at  a  glance  the  mathematical  prin- 
ciple involved  and  solved  it  without  diflBculty,*  He  displayed 
what  corresponds  to  "position  sense"  in  cltess.  The  chess 
player  has  this  advantage.  In  any  particular  game  he  has 
built  up  or  helped  to  build  up  his  own  problem  and  has  a  men- 
tal record  of  its  progress.  He  has  seen  the  possibilities  ot 
certain  lines  of  play  eliminated  one  by  one  and  is  tbus  able  to 
concentrate  on  the  remaining  ones. 

The  expert  chess  player  is  not  required  to  analyze  each 
position  as  he  comes  to  it,  and,  indeed,  this  would  be  impossible 
to  any  great  extent.  His  mind  grasps  the  sitnaiion  as  a  wliole  f 
and  it  has  a  definite  meaning  for  him.  He  recognizes  the 
salient  features  only  and  deals  with  them,  the  details  having 
for  the  time  being  dropped  out.  Me  is  in  the  position  of  the 
general  who  has  to  know  not  that  in  one  part  of  the  fidd  he 


>  Bry«D  and  Ilarttt :  «f.  tit. 
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has  a  rcginKDt  of  one  thousand  soldiers,  divided  into  ten  coai- 
panies  of  one  hundred  men  each,  but  that  he  has  «  force  there 
sufficient  to  repel  any  ordinary  sttack.  He  has  only  to  pay 
attention  to  the  regiments  and  their  condition  when  an  emer- 
gency arises.  The  ex|>ert  no  longer  deal*  with  particular  terms, 
(  but  with  general  ternu  or  concepts.  These  general  terms  have 
been  buiit  up  step  by  step,  their  meaning  changing  with  the 
ever  incrcnsing  knowledge  of  the  player,  and  are  oAcu  repre- 
sented partially  or  symbolically  by  their  initial  moves  or 
general  trend.  More  concretely,  a  pUyer  teams  at  first  that  a 
certain  move  is  a  good  one  because  it  has  certain  definite  ad- 
vantages, and  this  enables  bim  to  plan  a  little  fnriher  ahead. 
Later  he  finds  that  this  move  ha«  a  great  many  other  conse- 
quences, and  perhaps  tbis  in  turn  modifies  a  general  principle 
be  may  have  based  upon  it,  and  this  finally,  may  involve  the 
modification  of  several  other  principles  and  result  in  a  still 
more  comprehensive  principle  embracing  all  of  the  othen;. 
Details  can  be  organised  into  larger  groups  in  proponion  as 
they  gather  mcsnuig  as  a  group,  but  not  before.  The  cbes.<t 
player  groups  his  pieces  and  they  acquire  a  meaning  analogous 
to  the  potential  meaning  of  the  general  term  or  the  symbol  in 
abstract  thinking.  Progress  in  chess  like  progre.ss  in  abstract 
I  thinking  of  any  uiber  kind  consists  in  the  formation  of  an  in- 
I  crea.Mng  symbolism  which  permits  the  manipulation  of  larger 
and  larger  complexeii. 

We  are  in  the  habit  of  speaking  of  the  automatic  in  th« 
motor  realm,  meaning  by  it  that  certain  movements  or  combina- 
tions of  movements  are  carried  on  without  conscious  guidance. 
(Is  there  .sucb  a  thing  as  automatism  in  the  realm  of  t)ie  purely 
intellectual?  It  seems  to  me  that  this  question  is  to  be  an- 
swered in  the  affirmative.  There  is  something  in  the  purely 
intellectual  life  corresponding  to  motor  automatism,  which  is 
shown  in  the  ability  to  think  symbolically  or  abstractly,  and 
thus  to  handle  targe  masses  of  detail  with  a  miniuium  of  con- 
scious eflbrt.  It  involves  the  increasing  ability  to  take  in 
during  a  single  pulse  of  attention  a  larger  and  larger  group  of 
details  which  meaus,  of  course,  that  the  attentlou  is  no  longer 
needed  for  each  one. 

An  apparent  di&eicncc  between  motor  and  mental  automa- 
tisms, lies,  however,  in  the  fact  that  in  the  intellectual  realm 
increasing  automatism  seems  to  involve  the  dropping  out  of 
details,  while  in  the  motor  realm  increasing  automatism  often 
means  a  greater  jierfectiun  of  the  details.     Careful  examination. 
.  however,  will  probably  show  that  in  both  details  are  dropped 
i  from  con.-><;iousuess  and  that  in  both  they  are  perfected  in  the 
I  ezteroalized  outcome.     The  great  feature  common  to  both  is 
^  the  releasing  of  the  attention  from  the  details.     In  the  inteU 
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lectnal  Bphere,  as  the  processes  becone  more  and  more  com- 
plex, tbey  are  earned  on  by  systems  of  symbols  which  tend  to 
become  more  and  more  abstract  or  general.  This  is  true  of  all 
abstract  thinking,  inclnding  that  involved  in  expert  cbesa 
playing.  And,  as  in  all  other  kinds  of  abstiact  thinking,  it  is 
essential  io  chess  that  no  matter  how  symbolic  the  thinking 
may  become  the  player  must  always  have  a  thorongb  grasp  of  ) 
the  details  of  the  game.  In  other  words,  be  must  not  only  be 
able  to  construct  his  plans  by  the  use  of  abstract  symbols,  but 
he  most  be  able  to  translate  them  into  the  concrete  and  to 
carry  them  out  move  by  move.  This  latter  be  does  not  neces- 
sarily do  in  hia  thinking.  From  one  whole  situation  he  passes 
directly  to  another  whole  situation.  For  instance  in  a  definite 
situation,  the  first  move  of  a  long  series  suggests  not  the  next 
move  but  the  position  after  the  whole  series  has  been  played. 
In  other  words,  the  first  term  does  not  necessarily  call  up  the 
second  one  or  the  last,  or  some  intermediate  tenn,  bat  the  re- 
sult of  all  the  moves.  This  final  result  may  be  present  to  the 
mind  in  the  form  of  a  visual  image  (a  mental  picture)  or  in 
verbal  terms.  For  example,  the  first  few  moves  of  the  Kvans 
gambit  already  mentioned,  may  cause  to  arise  in  the  mind  of 
one  player  a  visual  image  of  the  position  as  it  will  appear  after 
z  dozen  moves  have  been  made  on  each  side,  while  in  the  case 
of  another  player  a  verbal  judgment  of  the  strength  or  weak- 
ness of  the  final  position  may  take  its  place.  To  the  latter 
player  this  opening  calls  to  mind  a  verbal  judgment  of  the 
final  position  based  on  past  experience.  The  formulation  of 
principles  of  play,  which  become  increasingly  general,  is  another 
expression  of  the  increasing  symbolism  involved  in  learning  to 
play  chess,  but  in  this  case  in  verbal  instead  of  visual  form. 

The  chess  player's  skill  is  measured  largely  in  terms  of  bis  > 
ability  to  use  larger  and  larger  units  of  thought.  He  has 
learned  by  means  of  many  repetitions,  a  series  of  moves  in 
regular  sequence,  later,  as  has  already  been  pointed  out,  the 
first  move  or  a  given  arrangement  of  the  pieces  on  the  board 
represents  for  him  the  position  as  it  will  be  several  moves 
further  on.  All  the  intermediate  steps  are  for  the  moment 
ignored,  or,  in  other  words,  "a  short  circuit"  has  been  estab- 
lished and  the  association  is  between  the  first  term  and  the  last 
or  the  total  result  instead  of  each  term  being  revived  by  the 
one  immediately  preceding  it. 

In  trying  to  explain  this  ftom  the  physiological  side  two 
alternatives  present  themselves.  It  may  be  that  an  entirely 
new  brain  tract,  connecting  the  first  term  with  the  last,  has 
been  opened  up.  On  the  other  hand  it  is  just  as  conceivable 
that  the  nervous  impulse  may  travel  along  the  same  path  in 
all  cases  and  that  in  the  case  of  a  "short  circuit"  only  the  first 
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and  last  terms  riw  into  consciousness.  Experiments  on  tbe 
learaitifi;  of  noii.seiise  syllables,  ishowing  that  repetitions  not 
only  stTcngihcn  the  associaiivc  lx>mls  bctwwn  a  syllable  and 
the  one  imnicdialely  followiug  it,  but  also  between  more  re- 
moic  one*.'  seem  to  lend  a  certain  siipj>ort  to  tbe  latter  theory. 
This  is,  however,  all  rather  speculative  since  nctirology  is  able 
to  lell  us  little  or  nothing  about  it.  On  the  psychological  side 
the  "short  circuiting"  pTocess  seems  to  mean  something  like 
this.  In  tbe  beginning  the  last  tetm,  tbe  final  result,  is  reached 
after  passage  through  all  (he  terms  of  the  scries.  Now,  ordi- 
narily, tbe  series  is  of  value,  and  therefore  of  interest,  not  for 
itself,  but  for  its  result,  so  th.it  little  attention  is  ((iven  to  the 
intcrmetliate  links,  but  much  to  the  getting  through.  The 
whole  strain  of  attention  is  forward.  As  a  restill  of  this  the 
image  before  the  mind  may  be  .leveral  steps  in  advance 
the  one  actually  being  executed,  or,  in  well  practiced  series,  !t 
may  be  tbe  last  step  itself,  or  even  the  purpose  for  which  the' 
series  is  gone  through,  Tbe  result  is  that  there  is  a  tendency 
to  tbe  formation  of  immediate  associations  between  tbe  earlier 
and  later  steps  of  tbe  series.  This  suggests  that  consctout 
effort  plays  an  important  part  in  the  establishment  of  the 
"short  circuit."  Bryan  and  Harter.  in  their  study  of  tele- 
graphic language,  concluded  that  only  by  putting  forth  t 
supreme  effort  conld  one  rise  above  tbe  plateau  of  moderate 
attainment.'  Still  it  is  by  no  means  certiijn  that  the  rise  in 
the  curve  would  not  take  place  in  time  if  efiort  were  mainlaiued 
at  a  moderate  and  uuiform  level.  In  that  case  the  rise  in  the 
curve  from  the  plateau  would  mean  the  completion  of  tbe 
growth  processes  under  tbe  guidance  of  ordinary  selective 
attention. 

While  chess  is  a  type  of  purely  intellectual  learning,  the  fact 
should  uot  be  lost  sight  of  that  the  emotional  accompaniment  Is 
an  important  factor  in  the  chess  player's  development  as  in  all 

(other  sorts  of  acquiGition,    and   that  emotion   is  one  of  tbe 
strongest  influences   in  fixing  itnpcessions.     Ideas  which  ai 
as.sociiitcd  with  Nirong  emotions  arelept  before  the  mind  for 
longer  period  than  those  which  have  little  or  no  emotional' 
coloring  and  thns  ha%-e  much  more  chance  of  becoming  per- 
manently fixed.     Numerous  instances  were  noted  in  this  study 
.  in  which  situations  which  had  aroused  strong  emotions  were 
J  continually  before  tbe  mind  and  were  so  persistent  as  to  banish 
i  sleep  and  to  drive  out  all  other  thoughts. 

In  this  connection  mention  should  l)e  made  of  the  effect  of 
error  on  one's  progress.     If  one  continues  to  commit  errors 


,ct 

'I 
1 


■BblHDghaus:  Ueberdas  GedScbtnlss.    Leiptlg,  tSSg. 
*  Bryan  and  Raiter:  op.  (it,,  p.  50, 


THB   PSYCBOLOOY  OP   CBGSS. 


303 


. 


■ 


) 


through  ignorance  of  the  fact  that  they  are  errors,  he  may  re- 
tard bis  developmeut  by  fallJug  into  fixed  habiU  of  unnound 
play;  but  if  they  arc  noted  as  errors,  and  cspcdally  if  tbcy 
arouiie  a  stroug  emotion,  they  are  eliminated.  The  importance 
of  this  Incomes  evident  when  we  recall  thiit  a  great  part  of  the 
player's  progress  consists  in  the  elimiuatioa  of  unprofitable  ' 
moves.  It  tH  easy  to  see,  abo.  ttiat  emotions,  so  far  an  they  are 
expressive  of  temperament  and  a&cct  one's  habits  of  play,  may 
exercise  an  important  influence  for  good  or  bad  upon  one's 
ability  to  win,  as  already  pointed  out  in  any  earlier  section. 

3.     /litfs  to  Learning. 

By  iludy  knit  nraciicc  the  djfficaltie*  of  llic  beginner  are  KTaduallf 
overcome  suil  b{»  fatilu  eorrectei).  tlioagli  tbe  latter  are  apt  for  *  long 
time  to  recni'  at  nogaarded  cidtneals,  mA  aome.  especially  the  faults 
of  tcinperament  fcrioraand  overaif[tiU  dne  to  impuUiTCDea".  rnsbueM 
■niJ  quick  t«inper.  tor  example),  may  never  lie  wlioUv  snpprpsBcd. 
It  is  probable,  iadeed,  that  moat  of  the  faults  of  tbc  coilicr  itaKCfi  arc 
tempofflitly  ovcrcotnc  many  tlmca  before  tbej  can  snlclybe  giveu  over 
to  the  realm  of  the  automatic,  ■'.  t..  th«y  crop  out  from  time  to  time 
when  the  attention  i«  lorocd  toward  larger  complexes  of  clement*. 

Of  all  tbc  aids  to  tcRTalnK,  an  soon  n*  oce  baa  niastered  tbe  bare 
rudimentaof  piny.  Iliei«  is  probably  oolhluK  like  actual  play  over  tbc 
board.  J>rovidcd  that  one  is  williiiR  to  play  slowly,  study  out  the 
caUM*  of  his  miafortunc  sad  nrofit  by  tbem.  Tbe  emotional  stresa 
atttadlog  iMtb  iDcceaa  and  failure  at  racb  a  time  i*  ■  great  aid  to 
BMmory.  aa  haa  already  bees  suRKeated. 

The  eoucrete  criliclfim  of  a  superior  otiycr  i*  of  tbe  greatest  aaalat- 
ance,  but  too  manv  [biugs  must  not  l>e  gjvep  at  once,  and  wliat  ia 

E'ven  must  be  applied  immediately  in  octaal  play  t&  order  to  insure 
I  retentlou. 

In  order  to  get  some  idea  of  tbe  sources  from  vrHicb  ehesa  players 
gain  tbcir  knowledge  of  ilic  game  and  tbe  vnlue  which  tbey  attaeh  to 
them,  lueslioni  wcte  asked  of  my  cofrcnpondetil*  is  reffard  to  the 
bene£t  derived  from  probletn  aolutiou.  the  study  of  standard  gamea, 
end  games  and  opening,  and  board  play  under  different  eoudltieaa. 
Mosl.of  course,  had  detired  moat  of  tbcir  knowledge  from  actual  play 
over  tbe  board. 

The  inleresl  in  piob^eio  itotving  is  by  no  mean*  aniversal.  Uany 
state  that  they  b«vc  never  aHenipjed  to  aolvc  problctsa;  otbtra.  that 
they  are  not  Intereated  In  lb«m  b«eati*«  tbey  are  artificial  and  me- 
c  ban  tea  I  aod  do  not  help  one's  general  play.  The  replies  indicate,  \ 
however,  that  prablem  aolvinK  >■  widespread  among  players.  A*  to 
its  helpfalnes*  in  general  play,  the  varletyof  opinion  is  great,  varying 
from  ibe  statement  that  ttis  o  posicivedctriment  to  extravagant  claims 
for  its  ntility  for  mental  development  in  general.  With  a  number  of 
playeis,  the  problem  Interest,  if  developed  at  all.  was  developed  late, 
1.  t,,  long  niter  they  bad  learned  to  play.  It  is  Interesting  to  note 
that  few  of  Ihew  nlayer*  think  that  problem  solving  haa  berped  tUelr 
play.  Others  took  up  problems  with  the  bcKmning  of  play  and  say  ' 
that  they  were  greatly  nelped  by  their  eflurts  to  aolve  them.  Thia  , 
auggesta  what  1«  protMtbly  the  fact  that  solviutt  problema  belps  one  In 
the  early  stages  of  bis  play,  a&d  tbls  la  ia  accord  with  my  owu  ezperi' 
cnce.  The  reason  for  thia' la  not  bard  to  find.  The  history  of  problem 
cheassbowaibat  in  the  beginning  tbe  problema  were  merely  poailioaa 
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taken  fTOm  wtiuil  gsniM  Bitd  con»eqi)eDtIy  InTotreil  kll  the  element* 
of  BCtnkl  pU^.  Uucta  could  then  he  drrivr^l  (:om  liielr  solution  wliicli 
wonld  be  of  Kcoc*^!  terTfc*.  Siucc  tlisl  t:m«,  buwcvcr.  protilcm  com- 
poaitioD  bas  cliau^ol  very  mncb,  and  the  probtetui  now  arc  tDodc  to 
coofotm  to  ccrtam  fixed  rulrt,  which  liavc,  (loni  the  Htaadpoliil  of 
BMny  playcts,  made  tbcm  inecbauicMt  t,ni\  arttScial.  Tbe<r  bare  lost 
(■KM!  of  their  Tcaemblance  to  poHJtiotis  met  with  in  actuul  pU>'-  No 
doubt  tbcf  are  not  of  much  benefit  to  play«r»  who  bare  had  conald- 
crsblc  txperl«Dcr  »t>d  who  are  (amitiar  with  (he  prlaciples  fuvolved 
in  their  aolnlion,  With  tbe  IwKitincr,  on  Ibc  other  baud,  the  case  la 
dtfiercDt.  He  may  IcniD  somcltiiuK  of  the  maaner  ol  ({Iri UK  check, 
tometbliif;  of  the  poMcrn  oJ  pieces  in  dtfl«rcDt  cotubimiiloii*,  and  of 
the  value  of  poiitiuii.  Tbey  ma)-  bel)>  bis  poweio  of  onalyiiia  in  m>  far 
a*  tbej  iDToUc  geacral  pciuciplei  which  uc  applicable  to  actual  play, 
aad  tbcy  may  aid  in  Improving  liis  jud|!mcQt  of  poaltlOB.  At  tbe  boat, 
bowevtr,  tbcy  are  far  inferior  to  tbe  atndy  ofeoil  gancaand  to  octnal 
practice  over  tbe  bonrd.  Thi*  latter  atatemcut  seema  borne  oat  in 
part  by  the  fuel  that  few,  if  any,  gi«*t  problcBi  aolvcr*  or  cotupoacra 
ace  aUo  )(ieat  playcrt. 

Praclicatly  all  Bsrte  that  n  kDOwlcdtccof  the  opeDtos*  U  indUpcn- 
■ablc.  Tile  adTacitat;c  in  evident.  II  enable*  one  to  place  hiR  pieces  In 
good  poaltioita  relative  to  each  other,  to  develop  alone  (touod  linei,  to 
avoid  diaaater  in  the  early  stage*  of  tbe  game,  to  take  advantage  of 
weak  aiove*  made  by  one's  opi>ouent,  and  wbat  la  alio  of  K'd  impor* 
taacc,  it  easblcs  him  to  play  with  a  mlolmom  of  eCtort  iturinK  tbe 
early  stage*  of  a  game.  It  nhould  be  added  that  kaowledse  of  the 
Opcninet  and  varuitiotiii  helps  one  to  force  the  play  alonii  linen  with 
which  be  ia  most  fatuUlsi.  The  ca»ie>it  and  qnicketl  way  to  get  this 
Lkiwwledge  »  from  the  liooka,  Luc  maov  good  plairen  poiaes*  it  who 
%av«  uiveii  Ultlc  or  do  time  to  book  stuuy.  Tbcy  have  gained  it  from 
act  nil  experience,  and  base  their  opening  plays  oo  pciociplea  derived 
from  this  lourcc. 

A  few  tbiuk  thai  replayinx  alflndaid  Ksmetdoe*  not  helpoiM'aplay, 
and  B  still  smaller  nnmber  tbint:  it  is  a  positive  detrimeot,  asaigniDg 
aa  a  reaxon  that  it  destroy*  one'*  orijcinnlity,  and  cauce*  bim  to  orer- 
iook  advantagea  which  sliglii  variations  from  tbe  known  line*  :iiii-ht 

5ive.  There  may  be  a  real  danger  here,  but  it  is  moie  than  oHset  by 
le  advantage*  gained.  Among  the  advaatagea  aie  mentioned  the  op- 
portunity to  esamiue  positions  at  leisure,  to  study  comprehensive 
plana  of  attack  and  defeuse  Involving  particular  combiuationi,  to  ap- 
preciate tbe  value  of  time  and  position,  and  finally  to  become  familiar 
with  a  number  of  oft-recntiing  situations.  These  situations,  while 
aeldom  identical,  ore  vflen  similar.  Standard  games  also  teach  prin> 
ciple*  ood  aid  in  tbe  development  of  position  )udgmciit.  It  should  be 
•tated,  however,  that  tbe  value  of  such  ^auies  varies  with  the  iudt* 
vidusl.  and  up  to  a  certain  stage  Is  in  direct  proportion  to  bis  chea* 


knowledge.  The  mere  beginner  leama  little  from  them;  tbe  cbcaa 
master  also  leama  little  from  them.  The  one  is  unable  toconiprehcud 
tbem  :  the  other  finds  little  in  tbem  that  ia  nnknown  to  bim.  The 
games  take  on  meaning'  in  direct  Droporiion  to  tbe  amouiil  of  knowl- 
edge that  one  bringi  [o  them  :  ana  their  value  to  any  iudividtiat  de- 
pendE  on  tbe  num1<er  of  new  ideas  he  ia  able  to  carry  away  from  tbcm. 

f  Playing  with  a  weaker  player  ii  not  considered  a  good  thing  by  moat 
of  my  correspondents.  They  say  it  makes  tbem  csrcle**.  prone  to 
recklessness,  and  lends  tbem  into  all  sorts  of  extravagancle*  of  plajr. 
Several  recommend  never  playing  witba  weaker  player  without  giring 
auflicient  odd*  to  make  tbe  game  even,  A  few  recommend  playiBK 
with  a  wMkcr  player  for  tbe  reason  that,  by  leaaening  tbe  amonnt  of 
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attention  otAiomrily  gireii  to  the  oppoDCnl't  plans,  the  *trooffeT  pUyer 
j*  able  10  fpvc  (re«f  play  to  hiii  iinst(in>ttOB  than  he  would  aarc  to  do 
1(  plnyltig  with  one  of  t<\v»\  ttrrnKlh. 

Uost  Miy  that  pUyiitg  with  many  dlfieient  players  h«s  made  their  J 
Btyle  mofe  flexible.  A  (ew.  however,  mainloiii  that  tlylc  of  pUy  [a 
tndlvMaal  and  that  iiolhiuK  cad  ehnii^r  it.  Tlii«  concetition.  an  was 
pointml  oiil  above.  1*  undoubtedly  true  in  so  far  as  fundamental  trait! 
o(  character  enter  into  the  name.  Those  who  answered  that  plaving 
with  a  number  ol  diderent  players  has  made  tbelr  atvie  mora  flazlble, 
appear  to  mean  thai  to  a  certain  extent  it  has  enabled  Ihem  to  over- 
come  come  faults  dttc  to  tctnpciaiiteDt  and  that  they  have  learned  a 
Jfrratcr  raticly  of  mcthoils  of  piny. 

III.     Gknsrai.  Summary  op  tbb  Psychological  Points. 

Chess  as  a  strongly  competitive  form  of  htttnaa  play  appeals 
to  the  fundamental  fighting  imptilse.  but  It  appeals  also  to  th« 
asthcttc  and  piizzlc-solving  interests ;  and  it  affords  the  pleas- 
ure of  "being  a  cause." 

Visual  iniagination  is  au  important  element  in  chei^t  playing, 
especially  in  blindfold  chess,  but  it  is  not  indispensable.  Motor, 
verbal,  or  auditory  imagery  may,  and  often  does,  occupy  the 
chief  place  in  the  player's  consciousness. 

The  mental  qualities  most  utilized  in  chess  playing  are  :  a 
strong  tAett  memory,  power  of  accurate  analysis,  qulcknexs  of 
perception,  strong  constructive  imagination  and  a  power  of  far 
reaching  atmhinution.  These  are  c^ets  qualities,  however,  and 
skill  at  chess  is  not  a  universally  valid  index  of  high  mental 
endowment. 

The  logical  type  difiers  In  the  different  stages  of  a  game  and 
with  the  knowledge  and  skill  of  the  player,  approaching  always 
nearer,  as  his  knowledge  and  skill  increases,  to  that  of  the 
syllogism. 

The  reasoning  process  is.  iti  psychological  terms,  a  sequence 
of  mental  states  due  to  shiftings  of  the  focal  i>oint  of  attention, 
the  associations  working  strictly  within  the  limits  imposed  by 
the  task  or  purpate. 

In  his  Icaniing  the  dies-*  pl.iyer  passes  through  well  defined 
stages  and  these  mark  the  necessary  steps  in  bis  progress.  The 
most  important  psychological  fealucc  in  the  learning  of  chcs-t 
(and  it  seems  equally  true  of  all  learning),  is  the  firogrfssh'e 
ffrganisalicn  of  kn<rwledge.  making  possible  the  direction  of  the 
player's  attention  to  the  relations  of  larger  and  more  complex 
units.  Tbeorganizationinvolvcsgcneralization,  increasing  sym- 
bolism, and  the  multiplication  of  associations;  it  insures 
prompter  recall  and  increased  potential  meaning  in  the  genera) 
concepts;  it  releases  attention  from  detailsand  favors  consei]uent 
mental  automatisms  and  "short  circuit"  processes.  Thusalooe 
is  proigrcss  possible.  Mental  automatisms  are  usually  perfected, 
mie  may  conjecture,  after  advance  to  the  next  higlier  stages  of 
learning. 
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Arwvmx:  Ox  thx  Cass  of  a  Pxkslb-miitded  Cbbss  Pl^yxk. 

During  the  eotirae  of  tlii»  itodjf  ieTtTBl  case*  of  cbcM  playing  among 
tbc  (ecblc'BiilKlcd  bare  been  reported  to  tbe  wrilcr.  bnt  it  ha>  been 
faspoMibl*  to  teat*  drficiitc  data  c-xtrpt  id  one  <a*c.  It  is  >ai<l  tbat 
in  Mnxie  Instance*  a  ren  bigb  dcf  c««  of  cbeu  ikUl  wax  po«acaaed  by 
BWa  ol  rcn  low  tncntalttj.     An  inmate  of  tbe  WUcosain  Inatitnltoo 

(tor  Um  PccblC'iaiBdcd,  Ii  tvportH  to  bate  hecn  able  to  coh  ■occeM 
fully  with  verx  atrong  playtra.  Very  Itkeir  tbe  streqnn  ol  tfaeae 
plajeim  hu  been  very  Qmch  ovc real i mated.  iMit  the  eriaencc  ia  snfi- 
cient  tv  wairant  c*  in  aayini;  tbat  in  cbeaa  a*  In  olber  kind*  of  uental 
acttrity  a  peculiar  power  ia  not  iocompatible  whb  a  rtrf  low  avera^ 
of  Kencral  mental  ability. 
Tbe  writer  ba*  been  able  to  ttodrat  firat  band  one  caae  of  cbcta 

Staying  by  a  man  of  low  grade  intelligence  who  i»  an  inmate  o(  the 
rpartncnt  for  Ifae  feeble-minded  and  criminallv  inaane  at  the  Uaaaa- 
(dwMU  Stale  Partn.  Ia  (Im  aaylam  record*  h«lsc]aMedasacaBK*°i* 
tal  idiot  who  ha*  snSered  degeneration  since  coming  to  tbe  inatitntton 
in  1891,  Prcrloni  to  tbat  tticc  be  bad  been  an  inmatcof  olfaer  inatita- 
lioM  lor  tbe  JDianr.  He  bai  had  anfl  xill  baa,  tbonfth  lea*  fre^oently 
tbu  formerly,  ontbnrala  of  rase,  at  which  times  he  beat*  his  head 

ajaittst  the  wall.     He  say*  he  doc*  tbi*  becaue  be  tovca  bis  cnoiher.^ 
t  j*  a  (eanal  pervert  and  Ki:iie  o(  lii*  ouibarat*  followcl  hU  >cpara- 
tion  from    other  inmsles   ol  tbe  tnatilation   whom  he  designates   aa 

("frienda."  He  i*  fifty-four  year*  of  a^c  but  look*  mnch  yoiiD][cr,  ia 
filthy  In  bi*  pcraoual  habit*,  aixt  prcaenta  a  T«ry  panllar  appearano*. 
Be  Btoops  considerably  and  walk*  with  the  ahofHing  gait  character iatk 
of  the  (ceblc-mindcd.  In  one  of  tbe  older  asylum  records  some  one 
baa  noted  the  (act  that  he  resembles  an  anthropoid  ape  in  appear- 
ance. Hi*  forehead  ia  rer^  low  and  receding,  his  maxillaries  are  very 
protrBdlnfE  and  tbe  poalerior  poftiona  of  hi*  head  are  so  promineat 
ihat  Ua  bead  TVMtnbUa  tbat  of  the  African  negro. 

Thetewn  idiot  tinaed  toccrrer  such  a  wideiangeof  mental  deficiency 
that  ft  conveya  no  very  deAoite  mcBniaKt  *"  tb*<  <t  will  be  neceaaary 
to  give  a  brief  account  of  bis  attempts  at  mental  work  to  order  to  con- 
Tey  aome  idea  of  his  general  intellisecce.  IIS*  memory  for  some 
tbui|Ea  ia  fairly  good,  tbou)[b  tt  i*  not  of  special  ezcclicDcc.  Mo  r*- 
n*BMt«  tacaa  qnjtc  well  and  for  a  considerable  time.  He  alM>  has  a 
fairljnod  rnvmory  for  places,  remembering,  for  instance,  the  town  in 
wbicblic  waa  brought  np.  tbe  diSerent  inalitntion*  he  bai  been  tn. 
tad  tbe  to^n  in  which  M>ine  of  hm  relativea  lire,  and  rcmciiibers  all 
these  by  name.  lie  ha*  no  idea  ol  time,  but  hold*  a  (ew  liatcs  in 
mind.  For  example,  be  anid  he  came  to  tbe  asylum  in  1891.  which 
was  correct.  He  Icnowa  the  name*  of  most  of  the  n»oath«  of  tbe  year, 
L-  but  has  no  Idea  of  their  order.  In  January  he  ws*  asked  what  month 
it  was  and  replied  that  be  did  n't  know.  He  was  then  asked  if  it  were 
June  and  replied  tbat  it  waa  tbr  month  before  June.  When  nikcd 
what  month  that  waa,  replied:  "That  i»  the  ntonth  of  October."  He 
baa  had  practicaUy  no  acbooling  and  can  neither  read  nor  write. 
When  asked  why  he  didn't  «o  to  achool  when  be  waa  a  boy  he  replied 
tbat  he  waa  loo  ttalclE-bcadcd  to  learn.  He  repealed  this  on  several 
occasion*. 

Tbe  following  questions  were  a>ked  bim:  If  yon  faadlwoapplcsaod 
'  I  gave  you  two  more  bow  ninny  would  yon  have  then?  How  many 
are  five  times  five^  If  you  worked  for  me  life  days  and  I  K>ve  von  a 
dollar  (or  every  day  you  worked,  bow  many  dollars  wonld  yon  iuive, 
To  all  tbeaeand  to  other  qucationa  be  gave  tbe  same  answer;  "  Don7 
know."  Qaeation*  in  reJEard  to  his  name,  the  name*  of  atheist 
bit  age,   and   other   simple   qucitloBs  h«  ansnr*  intelligently  or 
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irith    his   iadiSeieiit    "Don't    know."     In  this   regard    he  maj   be     ^ 
compared  to  a  yonng  child.     There  is  this  difierence,  however:  be 
does  not  ihow  the  curlosit;  of  a  child,  and  displays  ferj  little  men- 
tal ioiative.    He  is  like  a  child,  however,  in  another  respect:  he  ia 
very  fond  of  toys,  picture  books,  and  especially  of  neckties.     He  askg 
for  them  repeatedly,  but  only  apparently  when  he  notices  them. 
He  enjoyed  playing  with  my  watch  and  with  my  ring  and  asked  for 
the  latter  several  times.     When  told  he  could   not  have  a   thing  or 
promised  it  later  he  always  replied   "Thank  yoo."     Ue  is  tin  able  to    j^ 
tell  time  by  the  clock  or  watch,  but  almost  always  knows  the  hour    ' 
of    the  day,   which   he    is    no   doubt   able    to   determine  from    the 
regularity  of  the  institution  life.    In  reply  to  a  question  be  said  that 
he  is  twenty-one  years  old  and  that  he  had  been  that  age  for  a  long   ' 
time. 

In  regard  to  his  chess  playing  I  shonld  aay  at  the  outset  that  he  ia 
not  a  strong  player,  and  that  an  average  player  of  a  year's  experience  | 
conld  probably  play   as   well  or  better.     It  should  be  remembered, 
however,  that  he  has  never  studied  the  game  at  all,  has  never  played    ) ) 
regularly,  and  has   not  played  with  many  different  players.     There 
was  no  luy  of  determining  how  long  he  had  known  the  game,  except 
from  hi^wn  statements  and  these  are,  of  course,  not  very  certain. 
He  said  be  learned  about  tbree  years  ago,  that  no  one  had  taught  him 
the  moves,  but  that  be  learned  tbem  by  watching  others  play.     He   \ 
has  played  checkers  for  matiy  years,  but  there  is  no  trace  in  his  game   ' 
at  present  of  interference  of  association  from  this  source.     As  is  to  be 
expected  from  the  circumstances  under  which  he  learned,  and  played,    ^ 
his  play  shows  very  little  variety,  although  there  ^yas  s^e  iip prove-    f 
meut  in  this  regard  as  well  as   in  general  chess   a^lity  during  the  ' 
time  I  had  him  nnder  observation.     He  has  considerable  familiarity 
with  certain  aitnations  and  can  be  relied  on  to  meet  them  in  certala 
ways.     He  usually  meets  a  threat,  for  example,  at  once  and  by  dis- 
lodging the  threatening  piece  if  possible.     Ao  analysis  of  his  games 
shows  a  number  of  oft  recurring  moves  snch  as  Kt-Rj,  Q-B3,  P-Q3, 
and  advancing  a  pawn  one  square  to  serve  as  a  guard  for  a  piece  or  a 
pawn  to  be  advanced   at  the  next  move.     Attacking  a  piece  with  ± 
pawn,  and  "forking"  two  pieces  ate  favorite  methods  of  attack  with 
him.     He  makes  his  moves  very  rapidly  and  apparently  with  little  or  \ 
no  time  for  consideration,  but  nsnally  waits  very  patiently  for  hit   1 
opponent  to  reply.    If  the  efiect  of  a  move  of  his  opponent  is  not  very 
remote,  he  notes  it  almost  immediately.     For  instance,  on  one  occas- 
ion when  a  bishop  attacked  both  of  his  rooks  he  announced  at  once 
that  one  of  tbem  was  lost,  and  on  another  occasion  when  his  queen 
was  attacked  by  a  knight,  he  announced  at  once  that  she  was  lost,  a 
fact  which   his  opponent  had  nftt   yet  appreciated.     It   may  be,   of 
course,  that  he  bad  anticipated  the  dangerous  move. 

Hehadagreatdealof  difficulty  with  a  set  of  chessmen  of  apatterndif-   ) 
ferent  from  those  he  had  been  using.    In  the  new  set  the  king  was  larger  , 
than  the  queen,  while  in  the  old  set  the  reverse  wsa  the  case.     He  was 
utterly  unable  to  use  them   until,  at  his  request,  a  piece  of  colored 
cloth,  which  had  been  tied  Eironnd  the  old  queen,  was  fastened  to  the 
new  one.     After  that  he  had  little  difficulty  with  the  new  set. 

At  times  he  seemed  to  see  a  situation  very  quickly,  but  to  be  unable    y 
to   retain   it  in  mind  when  he  attempted  to  meet  it.     For  instance, 
when  trying  to  get  out  of  check,  he  moved  his  kin^  back  into  check 
several  times,  that  is,  he  would  find  a  move  impossible,  recall  it  and 
then  a  little  later  attempt  it  again. 

On  the  whole  it  is  not  too  mnch  to  say  tbst  his  game  compares  qnite 
favorably  with  those  of  players  whose  advantages  in  the  way  of  in- 
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■tiuctlou.  study,  «mt  practice  bave  been  much  g[«Bter  ttian  fail,  and 
\  tlierc  it  no  leaion  to  doabt  that  with  more  practice  aod  lottructioa  he 
would  be  able  to  improve  bU  Kame  conddenbly. 

Our  conclusion*  from  tbn  ituily  of  tblscoseioiitt  be,  it  M«aia  to  bm, 
tlut  chesa  skill  ia  not  an  indpz  of  ^cnerat  inUlligcDcc.  that  the  re*- 
aaniDK  involved  is  chea*  nla^inf;  la  rcnaociDi!  within  very  natrow 
limits,  acil  that  a  consider  utile  drgrce  of  cbt««  skill  ii  possible  to  one 
who  ii  mtrntallir  itvSi^tcut  in  altnosl  every  other  line. 

The  following;  record*  of  game*  played  hj  Ibia  plarer  will  indicate 
to  tboac  wboar«  ramiliar  with  IIk-khihc  *>oii)ethiti)iof  bis  chess  Ability. 
Th«  ganiM  are  chosen  as  (airly  reprMcnlalive  of  his  play  during  the 
time  lie  wBi  studied,  which  cxtcnncd  a  little  ov«r  two  ntoiith*.  wJtb 
an  liitcrruptiou  of  three  weeks  belwcco  the  last  obscrvatloa  niid  the 
one  just  preceding  it. 


Gamt  jVd.  i. 


Whk*  (Inblc- 
mtndcd  player) 

1P.Q4 
aV-Ki 

3  a-KB3 

4  PQBj 

5  Kt-KRi 

6  Q.K13 

7  P-KB3 
SQPxl* 
9  P-KB4 

10  QKt.R3 
iiS-Bi 

11  KtP<B 
:3  K.K* 

14  KKi-ECts 
IJ  Kt-QKlj 

16  PQR3 

17  1*-Kt4 

18  KtxKBP 

19  P-QR4 

20  VxV 
II  K'US(i. 
31  B-Qi 
3J  B-Klq. 
34  KR-Kt 
>S  K-QJ 
aSK-Kti 
jjKt-aj 
aaPxKi 
39  R-Q. 
3PB-Kt4 
31  K-Kt»q. 
3»K.B 


Black. 

PQ* 

Kt-UBJ 

P-K4 

KI-B3 

QBKts 
Q.Kt 
B-R4 
KtxP 

Kt-QB3 

KKt-K5 

BxQ 

Q-Rjcb 

Kt.KB3 

Ktl-H4 

00 

P.KRj 

RxKt 

R-Kl 

B-Kt3 

&Bp(ch) 

UKIxKt 
BxQI- 
QxKK 
ti-QBs  (ch) 
QKlb  (cfa) 
33  Q-Kt7  fcheek 
mate) 


Wtllt« 

tP-K4 
1  Rt-KBj 

3P-Q3 
4  B-KIS 

tKtxKP 
B-KB4 

7  BxKKt 

8  Kt  QB4 
9KB-Kt 

■QB.KRj(cb) 
IIP.Q4 
i»  Kt'QRa 
t3P-S5 

14  00 

15  e  Ka 

16  PKj 

17  KPxP 
iS  R-Kaq. 
19  RxB 
M  R>Ksq. 

31  K-KS  (ch) 
at  RxR  <cbcck- 
mate) 


BMek  (reebtc 
nladfil  plajrarf 


FLUCTUATIONS   OF    ATTENTION   TO   CUTANEOUS 

STIMULI.' 


By  h.  R.  GRISRI.ZR.  B.  h. 


Btrer  duce  the  term  "fiuctuation  of  attention"  came  into 
psf  chotogical  usage,  it  bas  beet)  assumed  by  many  psycholo^sts 
that  attention  itself  is  au  intermittent,  oscillating,  more  or  leu 
rhythmically  pulsating  condition  or  state  of  mind.  A  suffi- 
cient proof  of  this  was  tIiout;lit  to  l>e  found  in  the  fact  that  a 
continuous  liminal  stimulus  periodically  enters  and  leaves  con- 
sciousness. On  the  other  hand,  it  has  also  been  shown  by 
several  inveMigators  that  the  unsteadiness  of  limiiiiil  .sciisutions 
may  bcduc  to  various  other  causes.  This  would  not  ucccssarily 
disprove  the  oscillatory  nature  of  attentiou.  But  the  results 
of  au  iurestigation  carried  on  during  the  last  year  tend  to  show 
that,  under  certain  favorable  conditions,  maximally  concen- 
trated attention  to  liminal  and  supraliminal  cutaneous  stimuli 
remains  approximately  constant  for  at  least  2  to  3  minutes, 
provided  that  physiological  adaptation  of  ihe  sense-organ  and 
violently  intruding  external  or  subjective  distractions  can  be 
prohibited  for  this  length  of  time.  This  is  the  general  outcome 
of  a  series  of  ex^tcrimcnts  suggested  by  the  incongruity  between 
the  results  of  previous  investigators  oi  fluctuations  of  attention 
to  cutaneous  stimuli. 

The  Grst  experiments  of  this  kind  were  made  in  the  year 
1887,  by  N.  Lange,  with  a  Du  Bois-Reymond  induction  coil.* 
The  obsen-er  held  one  of  the  electrodes  in  the  one  band  and 
placed  a  fingtr  of  the  other  hand  in  a  vessel  of  lukewarm  water 
containing  the  other  electrode.  Lange  found  that  Biictuations 
in  this  .scn.Hv  department  were  not  as  plain  as  in  the  case  of 
visual  and  auditory  stiiuuU,  and  in  fact  could  be  obser^-ed  only 
after  some  practice.  He  thought  the  reason  for  this  w-as  that 
in  daily  life  we  arc  hardly  ever  required  and  therefore  little 
acctutomcd  to  direct  our  attention  to  tactual  sensations.  In 
1893  .similar  experiments  were  made  by  A.  I^hmaun,  who  also 
compared  the  occurrence  and  duration  of  electro-cutaneous 
fluctuations  with  the  periods  of  concurrent  respiration.*    He 

'Prom  tbe  Ptj'ciiolo(rlc«l  Lklxiratnry  <i(  Coraclt  Unireriilly. 

'Beilrogc  lur  TheoHc  der  ainnlicbtii  AnfuierkMinkeit  and  dcr  act- 
jvcn  Apperception,     miot.  Stud.,  )V.  iSSS,  390  tl. 

'tJebcr  ilie  Bciirhuiig  xwiiclien  Attamuug  uad  Aufmcrkwiukeit. 
mioi.Stmd..  IX,  i89i,  U  if. 
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found  8  saiprtsiog  coincidence,  which  led  bioi  to  thecooclusion 
that  the  periodical  innervations  of  the  ttmsctes.  caused  by  in- 
spiration, in  some  way  increase  the  sensitivity  of  the  skin. 

Observations  of  au  entirely  djfl^reni  kind  were  made  by  B. 
Wiersma,  who  in  1900  and  1901  invc:^'.i gated  among  other 
tbtDRS  the  fluctuations  of  attention  to  areal  pressure  sensa- 
tion. He  employed  a  series  of  6  circular  weiKhts,  i  ctn.  in 
diameter,  the  lightest  being  ~.4g,  and  each  following  3g  heavier; 
so  that  the  series  extended  to  23. 4g.  These  weights  ranged 
for  him  from  a  liminal  to  a  distinctly  supratiminal  intensity. 
Each  observation  lasted  5  minutes,  after  which  the  observer 
rested  for  about  8  minutes.  Wiersma  found  that  the  total 
time  of  complete  impcrceptibility,  as  well  a«  the  duration  of 
the  different  periods  of  Suctuatiou  during  a  single  observation, 
are  proportional  to  the  intensity  of  the  siimulns,  and  that 
toward  ihc  end  of  each  period  of  observation  liminal  stimuli, 
pressure  as  welt  as  vLsiial  and  auditory,  tend  to  (and  often 
actually  do)  disappear  entirely.  Thi»  tendency  of  conscious 
processes  to  lapse  into  unconsciousoess  seems  to  him  to  be  in- 
trinsic to  the  fluctUBlions  of  sensitivity.  Quite  diflferenl  were 
the  results  of  Fcrrcc's  experiments,  both  with  liminal  pressure 
stimuli  and  with  liminal  electro-cutaneous  sensations.'  No 
fluctuations  were  experienced. 

Partly  for  this  reason,  we  decided  to  repeat  his  and  also 
Wiertma's  exiKrinients.  We  alK>  wished  to  obtain  intro- 
spective data  as  to  the  course  and  contents  of  consciousness 
durin)^  the  exi>erimciit,  because  we  expected  them  to  throw 
light  on  the  conditions  of  fluctuation.  According  to  Lange 
and  many  others,  the  intermitteuces  of  liminal  sensations  are 
due  to  central  causes,  i.  r.,  they  represent  fluctuations  of  at- 
tention; in  other  words,  a  liminal  sensation  periodically  enters 
and  leaves  cousciousness  because  attention  itself  is  an  iuter- 
mittenl  or  pnlsating  process.  Now  it  may  be  true  that  a 
minimal  lapse  from  maximal  to  a  somewhat  less  conceutraled 
state  of  attention  is  sufficient  to  cause  such  disap[>earance, 
without  our  being  able  inlrospeclively  lo  observe  this  slip  or 
lapse.  But  if  it  is  unuoticeable,  then  there  is  no  justification 
for  calling  attention  intermittent;  if  it  is  noticeable,  then  intro- 
spection ought  to  bring  it  to  light.  So  far  as  our  knowledge 
goes,  no  systematic  appeal  to  introspection  has  been  made  by 
the  supporters  of  Langc's  hypothesis.  On  the  other  hand, 
Lange's  opponents    have  maintained   that  iatermittcnces  of 

lUmenucbntiicen  Ub«T  die  (ogenaanieii  AafnierkMinkeitBflcliwsnk- 
niijtcn.  Zfils./.  Ptyeh.,  XXVI,  1901,  i68-w»;  XXVIII,  igta,  179.198: 
XXXI,  t903t  iio-iiD. 

*Ad  BxMiimenlal  Exsmioatioa  of  the  Pheaomeoa  Uinslty  Attri- 
buted to  FluctuRtiou  ol  Attention.    T'b\t  Journal,  XVII,  1906,  119. 


FLUCTUATIONS  OP  ATTENTION. 


311 


liminal  sensation  occur  in  spite  of  tbe  most  concentrated  atten- 
tion, and  hence  mtisl  be  due  to  something  else.  They  hove 
referred  this  phenomenon  lo  periodical  changes  in  the  physio- 
logical conditions  of  the  senw-orfi^un  or  in  the  seusor>-  centres 
of  the  cortex,  Introspection  would  be  plainly  in  their  favor  if 
it  could  tell  us,  not  ouly  what  is  in  consciousness  while  tbe 
OAcillatinj:  stimulus  is  subliminal,  bnt  also  what  b  the  state  of 
attention  during  the  absence  of  the  original  sensation;  and,  c»- 
specially,  whether  it  is  possible  for  attention  to  remain  maxi- 
mal while  diUercnt  processes  enter  and  leave  its  focus  during  a 
given  period  of  time.  From  the  350  introspective  records  ob- 
tained during  (he  course  of  our  Investigation,  we  can,  in  s  pre- 
liminary way,  draw  the  conclusion  that  after  some  practice  it  is 
possible  to  estimate  the  degree  of  attention  given  to  a  certain 
stimulus  with  fair  accuracy,  and  to  notice  any  shifting  uf  tbe 
focus  of  attention. 

.J. 

For  tbe  sake  of  comparison,  n-e  copied  as  closely  as  possible 
Wlersma's  arnngetneuts  and  external  conditions.  Unfortu- 
nately, outside  noises  could  not  be  entirely  avoided.  But  we 
tried  to  eliminate  at  least  all  vi-sual  disturbances  or  distractions 
by  using  tbe  darkroom  for  each  experiment.  The  fluctuations 
were  recorded  by  means  of  a  telegraph  key.  connected  with  a 
stylus  writing  on  B  kymograph  in  an  adjacent  room.  Abont 
300  records  were  obtained  from  the  following  observers :  Mi^-scs 
M.  K.  Almy  (A),  then  a  Cornell  summer  student  of  slight 
practice  in  intiospcction,  and  E.  Murray  (M),avery  carcfnland 
experienced  observer,  and  Mes.srg.  I.  M.  Rentley  (B),  the  only 
observer  familiar  with  the  problem  besides  G,  the  writer,  I. 
Lande  (L),  W.  H.  Pyle  (P).  and  R.  W.  Sailor  (S).  Observ- 
ers M,  G,  L,  P.  ond  S  were  advanced  students  lu  the  depart- 
ment of  psychology  who  had  had  general  laboratory  tisiuing. 
The  first  set  of  experiments,  with  observers  A,  B,  G,  and  P, 
was  made  during  the  months  of  July  and  August ;  the  second 
set,  with  obecrvers  L.  M,  P.  and  S,  from  October  to  December, 
1906. 

Preliminary  trials  showed  that  Wicrsma's  weights  were  not 
liminal  for  our  observers.  Xcverthcless  it  seemed  worth  while 
for  comparative  purposes  to  tux  his  material,  ond  experimeuts 
were  accordingly  made  with  these  weights  upon  P  and  G  on 
6  consecutive  days  in  the  order  given  by  Wiersms.  The  ex- 
periments were  also  repeated  for  G  in  rever8e<I  order.  In  tbe 
case  of  the  other  obser^-ers.  we  were  content  with  one  or  more 
obKervations  with  each  of  the  6  weights.  At  tbe  end  of  each 
trial  tbe  observer  was  asked  to  write  out  an  introspective  ac- 
count of  the  course  and  conlent  of  consciousness  during  the 
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expeiiment.  In  about  165  trials  Wtersma's  arrangemeDts  were 
exactly  followed,  in  the  remainder  »onie  modification  as  to 
weight,  lime,  or  area  stimulated  was  introduced.  The  latter 
will  be  treated  separately  later  on.  The  results  obtained  from 
A,  B,  G,  and  P  were  entirely  opposed  to  Wiersma's.  These 
observers  recorded  no  fiuctuations  whatever,  but  stated  that 
tbe  weights  could  be  perceived  even  if  attention  were  tiul  di- 
rected toward  them.  But  this  wandering  away  of  sttcnttuo 
from  the  iitimulus  occurred  almost  only  in  the  second  half  of 
ibe  experiment,  that  is  to  say,  after  about  150  sec.  of  maximal 
oonceutratiou ;  for  we  must  remember  that  each  observation, 
according  to  Wiersma's  direction,  lasted  $  minutes,  which  is 
undoubtedly  too  long  and  too  fatiguing.  Other  characteristics 
of  the  introspective  records  appear  in  the  following  quotations: 

Obttrvtr  A.  Weight  t6.4f[.  "Seemed  *□  heavy  that  I  lud  oaly  to 
thiiilc  of  it  saa  wciKht  to  keep  It  in  mind.  II  fluctnattd  In  apparcat 
amount  of  ^iressaie  and  in  dcfC'ee  of  attention,  bat  tvas  cattljr  held  in 
cMiKiousncs*  Ihraiif^bout  the  time." 

Wfight  ij-4j;,  "Kept  wciKbt  iti  mind  by  verbul  WeM  and  by  pro- 
lactin^ lay  mind  on  the  peripliery  of  the  welg^ht  ki  the  MDMtlon  Isa> 
Moed.  I  allowed  it  to  slip  only  once,  when  by  compariDg  the  two 
bandR  I  drcidcd  there  wsa  uo  (ecllng:  and  I  *urUd  to  prew  the  kcj 
and  (uiinil  I  was  feeling.  thouKh  T«ry  faintly;  the  morement  of  tha 
right  band  cniphasiicd  iti  ficcdom  from  wcigbt." 

Wtigkt  io.4g.  "It  almoit  escaped  me,  at  1  thooeht  ahoat  tlw 
weights  aud  what  they  were  made  o(;  but  I  BtiatcheiT  the  preMure 
feenaatJoii  t>ack  juiit  a*  it  began  10  fade  from  coDncioutncH.  I  icit  that 
tbc  wci^bt  wa»  too  light  to  be  held  eaaltjr  lu  mind,  aud  I  bad  to  Ibink 
of  it  more  attentively  than  I  shonld  have  to  think  of  a  heavier  one," 

Wtigfil  7.4i[.  "Had  by  effort  from  the  hc|[lnniiiK  lo  keep  weight  in 
firat  tovcl  {^i.  «.,  blghcat  dct^rce)  of  atteation,  becauae  it  wan  lo  light 
and  Rnctnated  In  intensity  so  that  1  could  aometimes  honlly  feci  it. 
DistnrbiiiK  noiwi  oiice  almoct  pnt  it  oat  of  con*cioti*neM;  aerettbe- 
)e*a  il  wfta  voluntarily  held  at  aecoiid  level.  I  think  i»  worda  to  keep 
my  attctition  on  it — spoken  wordi  to  myoelf — and  try  to  baui^h  all 
other  Ihoiigbta.  Kept  comparing  the  aurloces  of  the  two  bands  to  be 
*nre  the  weight  could  be  fcti." 

Obiertier  B.  Weight  ij.^g.  "Slight  throbbing: of  blood  in  laat  part 
o(  interval.  Surer  this  time  of  no  Buciuationi.  Interrupting  dittrac- 
llona  from  fatigue  In  arm.  Souie  Baaociatlvc  tralna  obscured  atimolus. 
A  tremendous  strain ! " 

Wtigkt  io.4g.  "Heavy.  Distinct  tlirobbings  of  blood  in  back  of 
band  and  index  finger.  Pressure  lighter  in  laM  part  of  inlerval.  As 
before,  I  aeem  to  come  back  to  pressure  and  clear  It  up  after  diatract- 
ifls  asaociationa.     Pressure  seems  not  to  have  lapted  and  retarned." 

Weight  T-n^.  "In  lavl  part  of  eipcrimeut,  bad  throbbing  of  palae 
in  volar  fore-aim  caused  some  diatractlon.  Just  at  ead  I  wa*  doobtlal 
whether  pres*ure  was  itill  prcicnt  (yes?)." 

ObfrrVfT  P.  Weight  i9.i|K.  "Attention  oa  weight  throughont.  and 
had  richer  sensation*  than  usual.  Pain  came  in  after  about  a  minute. 
I  tbougbt  a  few  times  there  was  a  flash  of  cold.  I  can  atill  Jeel  acDta> 
tion  alter  weight  i«  temovcd." 

Weight  ij  4K.  "Peti  weight  well.  Its  aeniietion  chaiiKcd,  a  little 
painful  toward  end.  Mouy  things  passed  through  my  mind,  auylug 
only  momcDlarity," 
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Weighl  I0.4IC'  "I  V<jil  Mjrini;  tomjMll:  weight,  wclgbi,  Jn  order 
to  be  mre  of  my  altcntion.  Occaiionally  I  f«lt  mf  atm  Dii(t«iiie«lb 
auii  towelinicR  1  noticed  mv  bmUilBK." 

Weight  74);.  "A  Ilitir  dlOicnll  •!  time*  to  (eel  weight.  I  would 
become  doabtful  Bud  attend  very  closely,  the  weight  at  inch  time* 
then  plainly  felt." 

"A  little  palufnl  at  times  auil  very  (stut  at  last.  Coulil  bArOly  tell 
whether  I  felt  it  or  not." 

The  iDtrospections  of  G,  ihc  writer,  arc  perhaps  less  valttabte 
than  the  others,  although  in  their  niaiu  feattires  they  diSer 
little  fiotn  the  rest.  A  few  actual  disappearaaces  of  the  light- 
est weight,  due  to  some  noavoidablc  distractioDS,  occurred  in 
his  case. 

Summariziugnow  thcobser^'stioDSof  A,  B,  G,  andP,  wefiud 
(i)  that  a  supralimiual  areal  pressure  stimulus  applied  to  the 
skin  will  gradually  change  its  origitial  character  as  to  <]uality 
and  inteoiiit)',  sod  either  disappear  altogether  after  2  or  3  mis* 
utes  or  per^st  as  a  simple,  indefinite,  vague,  and  unpleasant 
irritation,  which  is  perhaps  somelimes  confused  with  a  result- 
ing pressure  after-image,  (2)  These  qualitative  changes  or 
flnctuatiniis  of  intensity  (due  to  physiological  conditions)  are 
noticed  only  when  and  presumably  because  nltcnlion  is  concen- 
trated and  becomes  more  concentrated  the  fainter  the  atiniuluK 
grows.  (3)  After  sufBcicut  practice  it  is  [wssible  to  esliinate 
with  fair  accuracy  the  degree  of  attention  given  to  diiTcrcnt 
stimuli  or  to  the  same  stimultiA  at  different  and  especially  crit- 
ical moments.  (4)  It  seems  probable  that  attention  can  remain 
maximal  even  while  difierent  mental  processes  enter  and  leave 
its  focus,  at  least  for  a  few  minutes.  (5)  The  weights  were 
heavy  enough  to  press  the  muscles  beneath,  and  also  to  empha* 
SIM  the  beating  of  the  pulse  (B  and  G)  against  the  resisting 
contact  surface  of  the  weight ;  these  things  served  cither  as 
di;<iractio»  or  as  a  criterion  for  the  presence  of  the  .stininlus. 
(6)  The  blightest  movement  in  the  upper  part  of  the  body 
increased  the  pressure  to  a  surprising  degree,  probably  because 
U  involved  a  -•Oighl  movement  of  the  stimulated  surface  of  the 
hand.  The  last  two  points  serve  to  emphasize  the  fact  that 
very  close  attention  involves  great  muscular  strain.  It  is  poii- 
sible  that  breathing,  under  such  conditions,  periodically  causes 
greater  tension  and  relaxation  of  the  muscles  of  the  chest  and 
arms,  and  hence  indirectly  brings  about  the  (often  rhythmical : 
B  and  G)  fluctuations  of  intensity  in  the  pressure  of  the 
weight  upon  the  muscles  underneath  the  skin.  Of  course 
these  results  cannot  fairly  be  compared  with  Wiersmii's,  l>e- 
cause  the  stimuli  were  not  liminal;  and  therefore  another  set 
of  experiments  had  to  be  made  for  the  purpose  of  getting 
liminal  pressure  scmsalious. 

Unfortunately,  it  was  impossible  to  continue  with  the  same 
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observers,  except  P,  ninJ  hence  onr  new  observcre.  L,  M,  and 
S,  had  to  begin  afresh  with  Wiersma's  series,  in  order  to  de- 
termine whether  for  them  the^  net);ht.<t  were  liininal  or  not. 
At  first  sight  this  seemed  to  be  the  case,  but  the  iatrospccdoos 
proved  the  contrarj'. 

Por  example,  L  recorded  the  following  fluctonlions  (indicated 
by  the  minus  sign  preceding  a  number)  in  the  first  set  of  ob- 
5er\-atious  talcen : 

ObsfrtfT  /,. 


No. 

Weight. 

FloctnatioD*  ia  Sccondi. 

7-4g 

+  S8-i+i79-*+'S^+'3-t3 

"MS 

+  I3&-J+11  -9+SS-9 +44-14+14-6 

»3-4g 

+  69-2+36  -4+43-7+j*-7  +47-io+KX-i6+i8 

iMe 

+  SI-ia+5»-'S+'«-4+" 

But  the  corresponding  introspections  plainly  show  that  the 
disappe.tranoe  of  the  seusatton  is  due  to  distractions  which 
forcibly  claim  attention.  In  a  few  cases,  especially  those 
toward  the  end  of  the  observation,  the  or};anism  gradually  be- 
comes adapted  to  the  stimulus,  which  would,  wc  may  infer,  be 
loM  without  recovery,  were  it  not  for  certain  involuntary 
tremors  occurring  in  the  hand  or  for  slight  movements  in  other 
parta  of  the  body.  Nevertheless,  it  is  important  to  notice  that 
the  longest  periods  of  absolute  pcrceiillbility  in  no«.  i,  2.  and 
4  lasted  179  sec,  136  sec.,  and  143  sec.  respectively,  which  is 
charncteriiitic  for  all  other  observations  with  the  same  stimuli, 
and  undoubtedly  indicates  that  Httention  was  approximately 
constant  and  undisturbed  during  these  periods. 

Ill  the  ca!>e  of  S  the  few  recorded  fluctuations  are  plainly  due 
to  distractions  of  attention  caused  by  such  things  as  "finger 
ring  pressure."  "itching  of  hand,"  "twitching  of  an  arm 
muscle,"  "ache  in  right  shoulder;  "  by  trains  of  ideas  ;  or  by 
external  noises  and  disturbances.  But  with  greater  practice  S 
learned  more  and  more  to  disregard  these  distractions  and  the 
number  of  disappearances  became  less,  being  finally  only  3 
during  an  observation  of  5  minutes.  This  means,  of  course, 
that  the  periods  of  absolute  perceptibility  became  correspond- 
ingly longer,  some  of  them  lasting,  for  example,  99  sec.,  no 
sec..  180 sec.,  and  300 sec.  S  noticed  also  in  his  iutrospectioos 
that  the  quality  of  the  sensation  set  up  by  the  weight  changes, 
being  .sometimes  "a  pricking  sensation  under  the  weight," 
sometimes  warm,  and  toward  the  cud  slightly  painful. 

The  results  given  by  M  were  of  a  different  nature.     Finding 
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t&Bl  the  weight  when  put  on  the  skin  gave  not  only  pressure, 
but  also  &et  up  a  complex  of  other  cutaneous  £eu^tioa9,  she 
attcmpleO  to  ;i!)stract  from  Iheni  and  lo  ol>s«rve  the  prcDsurc 
only.  This  required  a  constant  analysisand  often  made  it  very 
difficult  to  decide  whether  pressure  itself  was  sttti  there  or  not. 
At  such  moments  of  doubt  attention  was  easily  drawn  away  to 
some  other  disturbing  factor,  aud  hence  gave  rise  to  a  numlier 
of  diiuppeamnceKof  the  pressure,  while  nevertheless  the  weight 
could  be  perceived  in  terms  of  some  other  cutaneous  sensation. 
This  will  cume  out  iu  the  following  (luotatious: 

Observer  M.  Wright  ».4|[.  "Numbiib,  unplcuant  feeling*: 
wantwl  lo  throw  it  off,  or.  sometimes,  to  move  li«nd  in  ord«r  to  an  ft 
it  wa«  atill  there  and  int«iiiif}r  the  prcMute.  Wh«n  no  4Utinct  pm> 
■are  •entatiom  wcic  prcscal,  there  HBi  often  a  residue  o(  vBguc  itcb- 
iagorTtbratory  (L-^lint:.  Intcruel.  On  tlic  other  IiauiI,  ilie  return  of 
the  pre««nre,  a*  pressure.  w*«  alwaja  di»tinc-(,  abrapt,  as  if  weight 
were  ucwly  loircted  011  skin." 

B'cjjfA/  r9-.iK-  "  t)i'i«ppe»r«Bce  twice  correlated  with  a  tliiKliiig  In 
thumb,  whtcti  seemed  to  swamp  ottirr  sccmulloui  from  liaad.  At  other 
ttmci  disttaction  teemed  to  be  a  seniolioD  in  bca.d.  which  puihcd  to 
from  of  conBcioufiicM).  Mauy  iiiiuor  fluclufltiouH  ol  Intciitlty,  wlicn 
the  fcelEiig  was  that  while  the  seusalioa  remHined,  it  was  temporsrily 
blarrcd  over,  partly  by  the  crowding  in  of  teatAtions  from  other  puta 
of  the  liody,  wcic  not  recorded." 

WeigM  lyig.  "At  Gist  easy  to  hold  stteutlon  on  pressure  tensA- 
tjon.  Got  tired  toward  end— bard  to  concentrate  on  it  atiain.  Senta* 
tioa  ll«clf  attetided  to  varlea  very  murh — Tireisorc  psrt  Mcms  to 
deereaac  considerably  in  inteniity  towanl  eii<l.  Other  elements,  tem- 
peralHre,  tiDKliuK.  etc,  vary  also  from  time  to  time.  Pie«iing  of  key 
■Mma  lo  briiig  preatur*  clement  ahiuptly  luirk.  Toward  cad,  con* 
■doaaof  preuureof  weight  only  as  a  vat;ue'di3Com[ort  over  that  area." 

HVif  a/ I0.4K.  "Ai  above,  very  difficull  to  keep  altcntiou  on  pre*- 
■ure  pure  niid  i^iiii pic— keep*  iLlia'tinj;  off  into  faint  tingling  or  glow 
(cold?)'  Toward  end,  senBittuni  from  weight,  which  bad  been  vagiie 
and  cluUvc  for  quite  a  period,  came  back  when  I  couf{hcd  and  invol- 
untarily moved  hand.  These  <pr«Murc  and  eoM)  rciunined  with 
hardly  a  auctuation  for  rest  of  aeries,  much  clearer  than  In  earlier 
part  of  record." 

Wtieht^.a.  "Etlaoko  recorded  M>mctimc«(a« above)  acre  lightati- 
lug«  »n<l  rt' turns  of  the  prcsiure  seu»^ation  in  itssetlmK  o!  aurroatNlitlg 
cutaticoui  ■eniattooK.  Sometimes  a  total  shift  of  attention  toother 
sphere*  of  sensation.— distraction  aiDally  visual.  Toward  end  tbc 
seufiAtioD  reappears  more  as  heat  or  dull  acbe  tbau  as  preasnre." 

In  order  to  test  or  check  these  observations,  M  was  given 
another  scries  of  experiments  with  the  same  weights,  but  with 
the  explicit  instruction  to  record  only  the  intervals  when  (here 
wa«  no  indication  of  the  presence  of  the  weight,  whether  per- 
ceived as  pressnre  or  iu  tentLi  of  some  other  cutaneous  sensa- 
tion. The  results  were  strikingly  different,  fur  oniy  a  few  .sub- 
jective distractions  occurred,  such  as  were  mentioned  before  by 
her  as  well  as  by  the  other  obaertren.  It  would  be  interesting 
to  know  whether  Wicrsma  found  similar  phenomena  in  his  ex- 
periments, but  unfortunately  be  gives  no  inlroispective  account 
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of  tlie  (|aa1italive  nature  of  the  sensat  ions  set  up  by  tbe  weights, 
and  hence  it  is  impoKsible  to  say  whether  bis  obscTratioos  are 
of  M's  kindor  not.  A  general  summary  of  the  introspective 
niAtcrlal  obtained  from  I„  M,  and  S.  with  regard  to  expenments 
on  Wiersma'8  wcightii  only,  agrees  in  all  of  the  main  points 
with  that  of  the  first  group  of  observers  and  hence  need  not  be 
repeated  here.  Tbe  results  plainly  showed  that  Wicrsna's 
stimuli  were  by  uo  means  Umtnal  for  either  L,  M,  or  S,  and 
hence  we  decided  to  continue  the  experiment*  with  lighter 
weights. 

For  this  purpose  we  made  a  new  set  of  weigbla.  of  6g,  57, 
4g.  3g.  25K-  2g.  '58.  'g.  and  ,5g.  with  the  same  diamcler  of 
I  cm.  The  observers  were  L,  M,  P.  and  S,  and  over  too  obser- 
vations were  taken.  We  also  introduced  into  some  experi- 
ments cvrlain  variations  of  procedure,  by  changing  the  stimu- 
lated area,  or  by  shortcuiag  the  period  of  observation  from  5  to 
3  minuleK.  These  changes  seemed,  however,  to  have  little 
appreciable  effect  upon  the  results  or  upon  the  introspective 
accounts. 

In  the  case  of  L,  for  example,  whose  earlier  results  were  in- 
flueiioed  by  tbe  interfering  tremors  of  the  hand.  Ibis  source  of 
disturbance  was  now  not  strong  enough  to  shift  the  weixbts 
6g.  5S.  48.  a^d  3g.  so  that  they  j^liouUI  be  perceived  again  after 
having  once  become  imperceptible.  Final  dLsappearanoe, 
probably  due  to  physiological  sditptntion  or  perhaps  fatigue, 
did  not  take  place  with  these  weights  until  toward  the  end  of 
the  second  or  third  minute;  for  example,  after  96  sec. ,  1 10  sec. , 
Its  sec,  164  sec,  etc.  But  the  lightest  weights,  namely, 
ag,  i.sg,  ig,  and  ,$g,  disappeared  during  the  lirst  minute  and 
could  not  be  recovered,  save  when  a  considerable  involuntary 
movemem  or  "jar"  occurred  in  tbe  lower  left  term.  This  hap- 
pened twice,  perhaps  iis  the  rcMiIt  of  an  uncomfortable  [K»ilion 
of  the  arm  during  the  particular  experiment.  Introsptctive 
accounts  were  again  demanded.  They  show  as  before  that  for 
some  time  after  disappearance  attention  was  extremely  concen- 
trated in  an  effort  to  recover  tbe  sensation,  though  without 
success. 

The  results  of  S  arc  very  similar  to  L's,  The  same  total 
disappearance  without  recovery  is  here  noted.  But  again  there 
was  not  the  least  regularity  or  projwrtionality  of  the  period  of 
perceptibility  to  tbe  intensity  of  the  stimulus.  Tbe  shortest 
period  of  perce])tibility  occurred  with  weight  3g.  which  once 
disappeared  after  18  sec,  although  introspection  showed  that 
•Iienticin  was  maximal,  while  the  two  tightest  weights  could  be 
perceived  for  about  a  whole  minute.  The  following  fijinrcs  are 
significant,  as  illustraliug  the  fact  that  atlention  could  be  kept 
approximately  constant  to  limiual  cutaneous  stimuli  for  fairly 
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long  pcriodit:  94  sec.  for  wdght  .jg,  6S  sec.  sod  78  sec.  for  tg, 
96  sec.  for  i.5g,  84  sec  for  jg,  120  sec.  for  3.5g,  tia  sec.  for 
3g,  88  sec.  for  4g.  laa  sec.  and  144  sec,  for  sg.  and  197  sec. 
for  6g.  Again,  the  introspections  in  these  experiments  bring 
ont  the  fact  that  the  effort  to  recover  the  lost  sensation  by  con- 
centration of  attention  wiis  unsuccessful,  and  the  attempt  finally 
given  up.  principally  because  other  cutaneous  sensations  from 
the  lower  arm  us  well  ns  the  other  common  distractions  became 
strong  and  even  unpleasant. 

Different  results  were  obiaincd  with  M  and  P.  Both  ob- 
servers perceived  even  the  lightest  weights  during  the  whole 
period  of  5  minutes.  Subjective  distractions,  such  violently 
intruding  dinturbances  as  "jarring  of  floor,"  or  "cold  and  ache 
in  fingers  toward  end."  etc.,  occnrrcd  to  M  wilb  irregular  fre- 
quency from  one  to  five  times  during  $  minutes'  ob»»vatioti, 
and  were  of  very  short  duration.  P  also  mentioned  the  occur- 
rence of  occasional  momenlar)-  diversions  of  attention.  The 
difference  between  L'.t  and  S's  results  on  the  one  hand,  and 
M's  and  P's  results  on  the  other,  is  probably  due  to  several 
factors;  but  the  introspections  of  the  latter  observers  bring  out 
nininly  two.  In  the  first  place,  It  was  very  difficult  for  both  M 
and  P  to  tell  exactly  whether  the  sensation  perceived  in  the 
stimulated  area  arose  from  the  weight  or  not.  To  quote  from 
iotrospecttoits : 

Oiifrver  M.  Weight  o.sg.  "Very  liabt  weisht ;  attention  harder  to 
mBlntaln  (Brit  two  record*  ataoiT  complete  (li*trBCtion«  ol  Bttentioii). 
Found  myMlf  coalinnaUy  tending  to  Alt^nil  to  the  lianil  a»  a  wbole 
anil  compare  with  noTinal  senaatiooi  in  order  to  decide  nhetber 
wciuhl  had  ditappcarcd ;  Blwaynsccnicd  to  find  aooie  kind  of  (cnaaiioti 
left." 

Wtighf  \^.  "Mncb  the  aaine  a*  atwre,  but  I  foiiud  it  mote  deli- 
iillcly  limited  10  npproxiniate  area  of  weight.  Karely  a  Itg^t  comiiCt 
s«ii«alion;  but  in  tiiat  part  iatermlttent  puUlog  mumiIIoo  as  if  throb- 
bing of  odcTies  lifted  and  dropped  the  weiKht;  then  later,  mnvcular 
teuHion  nnd  wciKht  feeling,  deeper  and  aa  iatenaive  aa  far  heavier 
weiglita." 

P's  observations,  though  less  explicit  on  the  point  at  issue, 
clearly  indicate  that  the  complex  character  of  the  light  weights 
was  not  peTceive<l  simultaneously,  but  rather  successively, 
changing,  e.g..  from  "a  %-ery  delicate  touch"  to  temperature, 
generally  warm,  then  to  pain,  aud  lastly  to  a  "numbbh  indefi- 
nite something,"  These  "■different  aspects  of  the  weight,"  as 
P  himself  termed  them,  helped  him  in  judging  the  pressure  of 
the  stimulus.  Nevertheless,  he  doubted  the  possibility  of 
sensing  a  very  light  weight  for  5  minutes,  and  said  that  some- 
times he  was  not  sure  whether  what  he  felt  was  cutaneous  and 
just  below  the  pressing  w*eighl,  or  whether  it  was  something 
more  deeply  subcutaneoas,  or  even  at  a  small  distance  from  the 
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■dnnilated  spot.  Since  M  had  entirely  gi^'en  up  the  attempt 
to  aoalytit  the  geosatioual  complex  set  up  by  the  light  weights, 
the  was  less  easily  and  less  often  distracted,  and  employed,  like 
P.  eA'ery  qualitative  change  in  the  stimulation  as  a  criterion  for 
judging  thepreaenceofthe  stimulus.  The  fact  that  both  M  and 
F  had  great  difficulty  in  observing  the  actual  nature  of  a  liminal 
areal  pressure  sliinulu!)  seems  to  be  in  line  with  a  similar  diffi- 
culty which  Spindler  found  in  determining  the  nature  of  the 
after-eSect  of  areal  stimulation.* 

Thi.t  article  suggested  to  us  the  second  principal  factor  in- 
volved in  the  difference  between  M's  and  P's  results  and  tho»e 
of  L  and  S.  Since  L  and  S  never,  M  and  P,  however,  very  fre- 
quently, mentioned  a  long  la&ting  nfler-sensation,  it  is  possible 
that  the  latter,  instead  of  having  the  actual  sensation  from  the 
weight,  perceived  only  an  after-seiisaiion  which  might  have 
arisen  after  the  weight  itself  had  bco^me  imperceptible,  though 
still  present.  At  least  both  M  and  P  often  found  that  even 
immediately  af\er  removal  of  the  light  stimulus  the  previous 
sensation  persisted  nithont  changing  in  any  way  whate%'er. 
However  else  the  difference  might  he  accounted  for,  it  is  not 
further  relevant  to  the  general  conclusions  to  be  drawn  from 
the.se  experiments. 

Summing  up  the  results,  we  arrive  at  the  following  facts  and 
conclu^iotLs : 

f  i)  A  liminal  nreal  stimu1u.s  applied  to  the  slcin  after  about 
a  minute's  time  loses  its  original  character,  and  either  disap- 
pears altogether  alier  the  lap.<ie  of  another  minute  or  two,  or 
persists  as  a  simple,  indefinite,  vagite,  and  onpleasaot  irrita- 
tion. 

{a)  It  is  possible  for  a  praeUsed  observer,  under  most  favor- 
able circumstances,  to  concentrate  attention  for  at  least  2  or  3 
minutes  upon  au  areal  pres.-iure  stimulus  of  Hminat  intensity 
without  experiencing  any  kind  of  fluctuations. 

(3)  Qualitative  changes  in  the  cutaneous  scneatioa  itself  are 
noticed  only  while,  and  presumably  because,  attention  is 
maximal. 

(4)  There  is  a  strong  tendency  for  attention  to  become  more 
and  more  concentrated  the  fainter  the  Htimulus  grows. 

(5)  The  muscular  effort  involved  in  maximal  attention  to  a 
single  liminal  stimulus  makes  concentration  during  a  period  of 
S  minutes  very  difficult,  painful,  and  fatiguing. 

II. 

In  repeating  Perree's  experiment  with  electro-cutaneous 
stimulation  of  the  tongue,  we  found  some  difficulty  in  eliminat- 
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lag  tbe  touch,  pressure,  and  taste  sensations  set  up  by  Lb« 
electrodes.  The  \xit  resultit  were  obtained  by  apptylng  a  1% 
solution  or  cocaine  to  the  fore  part  of  the  tongue,  upon  which 
2  strips  of  tin  foil  (Christmas-tree  foil),  hammered  as  thin  as 
possible,  were  laid.  The  strips  were  connected  with  the  iutcr- 
nipler  of  a  Du  Bois-Reymond  induction  coil.  Uufontinaiely, 
the  nnmber  of  inlerniplions  ooald  not  be  regntnted  or  even  kept 
constant  during  a  single  observation,  because  the  screw  by 
which  the  iuterrupterwas  adjusted  tended  toworlc  loose.  The 
cocaine  itself  gave  rl»e  to  certain  sensations;  but  as  soon  as 
these  began  to  fade  away  the  tin  foil  electrodes  could  be  ap- 
plied, and  were  generally  not  perceived  for  11  loiie  time.  The 
movable  coil  was  adjusted  to  the  liraen  for  the  diftrcnt  observ- 
ers, which  was  at  to  cm.  above  the  zero  point  for  M  and  G, 
and  at  9  cm.  for  L.  Kach  experiment  lasted  2  minutes,  after 
which  the  observers  rested  as  long  as  the;-  desired.  Toward 
the  end  of  the  period,  odsptatlou,  or  perhaps  fatigue,  set  io 
and  caused  the  sensation  to  disappear  altogether  without  recov- 
ery. About  50  observations  were  taken  with  L,  M,  and  G, 
during  January  of  this  year. 

The  results  were  vcr^'  similar  to  those  with  the  weights,  and 
agreed  with  Ferree'ti  observatious.  It  was  inipos.iib!e  to  avoM 
ail  subjective  distractions,  which  were  ]>rincipally  of  two  kinds. 
First,  it  is  very  difficult  to  hold  the  tongue  perfectly  motionless 
for  more  than  i  minute.  After  this  interval  it  was  practically 
impossible  to  avoid  little  involuntary  movements,  which  some- 
times caused  the  electrodes  to  shift  or  slip  off.  The  other  kind 
of  distraction  was  due  to  the  fact  that  generally,  after  about  70 
or  80  sec.,  the  exposed  part  of  the  tongue  became  more  or  less 
dry,  which  either  resulted  in  the  entire  disappearance  of  the 
stimulus  or  caused  the  electrodes  to  stick  fast  to  the  tongue 
and  exert  a  pull  strong  enough  to  overcome  the  faint  electrical 
stimulus.  In  spite  of  these  difficulties,  we  obtained  10  fairly 
good  observatious  from  each  of  the  three  observers,  which 
plainly  showed  that  liminal  elect  ro-cutaneotui  stlmnlatton  of 
the  tongue  does  not  give  rise  to  intermittent  sensations. 

Introspective  accounts  were  demanded  after  each  observa- 
tion, whether  successful  or  not.  The  condition  of  the  tongue 
immediately  after  the  application  of  cocaine  is  described  in  the 
first  three  of  the  following  introspections,  white  the  rest  arc 
typical  accounts  of  the  experiment  itself: 

Obun-rr  L.  "Tongue  (eeU  vel««ty  when  robbed  sgatnat  the  teeth ; 
alio  there  \%  vbnt  tDiKht  be  called  a  vagne  •euMtion  of  namtmcM.  a 
KDMof  rcalHciioti." 

Oturvtr  At.  "ToDt["e(*'ter  cocaine)  (eeU  a*  if  It  bad  bcea  bnmed. 
A  thick,  (oft  layer  on  »Drf»cc  with  *l)ght  rting  nndenieatb.  Tender, 
•wollen." 

Okurver  G.    ■'Tongue  feel*  nofflb,  light,  or   atretctaed,  alighUy 
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rough,  rtometimc*  hnming,  «ometime*  cold,  u  tf  meltiiiK  ice  wbk  put 
on  it ;  R  inelatlic' bitter  ISKtc  resiaiiil  for  KOBie  timt  luxl  fiD4lt]r  («dra 
•WAV,  Irnving  only  a  vaigac  (eclioK  of  BUtiibiicB»." 

Observer  L.  "Current  alw«)-i  faintlj'  felt;  macta  attention  required; 
tongue  numb;  *tToa|;er  MiiwitiODR  >t  tiinca  tbsn  «t  Others." 

"Current  weak:  fluctuallon  (i.  e..  a  total  diMppcAraDce  wltbont 
recorcry)  I  believe  due  to  electrode!  (ticking  lu  it  were  to  tong^ae 
wblcb  nricd  from  cxpMnrc.  DuHug  HnctDBltoo  ktlcntioa  wa»  still 
foetisMil  in  sq  cfiort  to  call  the  ecniatlou  back."  (Ad  vuaueceMful 
experiment.) 

Obim-er  At.  "I'elt  cnrrcni  distinctljr  as  little  inteftnitteni  pokes 
lota  tonetie.  L«m  difficult}' with  tongue  t lis u  utnal,  i.e..\t»»  wlg- 
KlJDg.  Diacorered  that  wbat  bad  once  seemed  tike  a  gap  in  the  cur- 
rent was  really  filled  wilb  minor  vibrations  which  seetncd  to  require 
an  active  shift  of  the  attetiiloti  to  gel  hold  of." 

Obsfrvfr  G.  '■Inlensiiy  more  regulir  this  time:  in  right  electrode 
I  felt  the  little  bcaiin^i  (|uilc  diatiuctly.  Sometimes  a  cold,  lucIAllic 
taste  fated  with  the  elect to-cutant^ut  sentallons." 

Here  again  it  seetos  obvious  that  the  observers  were  able  to 
notice  not  only  any  shift  of  attention  to  a  tource  of  <listr»ction. 
but  also  whether  or  not  attention  remained  maximal  dnring  a 
disappearance  of  the  original  sensatioo.  The  fact  that  it  did 
remain  constant  for  at  least  3  mlntites  leads  us  to  the  two-fold 
cooclusiou  ( I )  that  limiiul  electro-cutaneous  sensations  under 
ftvorable  condition.t  do  not  fluctuate,  and  (2)  that  even  if  inter- 
ruptions occur  in  such  sensations  owing  to  external  disturb- 
ances, attention  itself  may  remain  concentrated,  merely  iibifting 
its  focus  from  the  lost  sensation  to  the  intruding  distraction  and 
liack  again.  It  seems  reasonable  to  suppose  that  the  disturb- 
ances would  not  have  been  sudicicnt  to  distract  attention  if  it 
had  not  been  directed  to  a  single  liminal  cutaneous  stimulus 
which  is  very  monotonous  and  almost  indifierent  as  to  its 
affective  tone,  but  to  supralimiual  stimuli  or.  belter  still,  to 
topics  of  greater  diversity  and  of  higher  affective  coloring. 
This  is  borne  out  by  almost  daily  observations  in  actual  life, 
such  as  the  intensive  reading  of  au  interesting  novel,  listening 
toa  piece  of  music,  what  is  generallycalled  absent-mindedness, 
etc.  Here  certainly  attention  remains  maximal  for  a  consid- 
erable leugtb  of  time,  while  there  is  a  rapid  change  of  the 
mental  processes  occupying  the  foctis  of  attention.  But  fuller 
evidences  of  this  fact  arc  greatly  needed,  and  must  be  obtaiiK^d 
by  a  more  systematic  appeal  to  introspection  with  this  particular 
end  in  view.  That  our  own  introspeaive  records  are  not  suffi- 
ciently explicit  in  this  regard  is  due  6rst  to  the  fact  that  our 
observers  tended  rather  to  ju.slify  occurring  distractions  than  to 
emphasize  the  periods  when  attention  was  absolutely  concen- 
trated upon  the  stimulus;  and  secondly  to  the  fact  that  the 
stimulus  set  up  a  complex  of  sensations  which  they  were  eager 
to  analyze  and  describe.  Nevertheless,  our  final  conclusion 
must  be  that  under  favorable  drcumstances  attention  focussed 
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Qpoo  Ittnioal  and  supralimiiial  cntaneoos  sensadona  remains 
approximately  constant  for  at  least  3  to  3  minutes,  provided 
that  physiological  adaptation  of  the  sense-organ  and  violently 
intmding  distractions  can  be  avoided  for  this  length  of  time. 
The  normal  course  of  events  is  that  the  sensation,  once  set  np- 
fades  cat  steadily  and  gradtially  is  conaeqnence  of  adaptation. 


A  QUICK  METHOD  FOR  DETERMINING  THE  INDEX 
OF  CORRELATION. 


By  GcY  MoMTKottK  WHirpLH,  Pb.  D. 
AHisUnt  PrafeMoi  «f  Edacatioa,  Coraclt  Uoivenitjr. 


Tlie  desirability  of  substittiliag  an  accurate  numerical  index 
for  mere  verbal  cxi>rcssioii5  of  corroUtton  has  been  verj'  clearly 
set  forth  by  Galton,  Pearson,  Yute.  Spearman.  Wissler,  and 
oilier  writers.'  Btit  tbe  most  accnraie  formnln,  the  'prodact- 
momcnts'  formula  of  Pearson,  is  attended  wilb  arduous  labor. 
We  may  greatly  abridge  the  numerical  work  by  the  use  of  an 
adding  machine*  and  of  appropriate  tables,  sucfa  as  Barlow's 
TaiU  of  Sguates.i^aA  Krtlli'sAful/ifiticaiioa  Tobies.  Farther, 
the  computation  of  cr,  the  standard  deviation,  may  often  be  re- 
duced by  considering  it  as  equal  to  m.  v. ,  or  the  average  devia- 
tion, times  the  coustaut,  1.3533.  Yet,  even  so,  tbe  task  is 
considerable,  so  that,  particularly  if  one  has  to  determine  a 
number  of  correlations,  it  is  desirable  to  use  a  shorter  method 
for  prcliminar>-  exploration. 

A  number  ofshorter  correlation  methods  have  been  described.* 
It  is  the  purpose  of  the  present  article  to  describe  a  stmpltfica- 
tion  of  cue  of  these  methods  that  the  writer  has  found  very 
expeditious  and  serviceablefor  the  deteiroinalton  of  an  approxi- 
mate numerical  correlation.  This  method  is  based  upon  tbe 
use  of  what  is  known  as  Sheppaid's  formula,  which  may  il&elf 
be  regarded  as  a  simplification  of  one  of  Pearson's  auxiliary 
methods. 

For  the  application  of  this,  as  of  most  formulas,  the  data  of 

'See,  (or  tnsUnpe,  F,  Galton,  Natural  /tthrritante;  C.  Spearman, 
The  Proof  sDi]  McHauTemcnt  of  AssocUtJoii  Betvecu  Two  Tbiagt, 
IhtayoBfaa/,  XV,  1904,71;  C.  Wissler.  The  Correlation  of  Mental  and 
Pliyslcsl  Tmu,  Piyth.  Rn.  Mon.  Sufifi.  No.  16.  1901.  The  Impoitaat 
contribution!  of  K.  Peanoo,  and  R.  Ynle,  will  be  loand  in  the  /Vw. 
Royat  Soc.  of  London,  in  the  Phil.  Traitaciions  of  ttc  same  body,  the 
Jour.  Royal  Stat.  .Stir.,  and,  in  their  more  reociil  apiiliciiionn  to  bio- 
loci^al  problems,  in  the  iieverHl  vohimc4  of  the  Biomttrika,  i«>i  (I. 

*.\n  incipcntivc,  but  ycry  iervic«>bte  device,  known  as  tbe  Gem 
Adder,  i«  now  put  on  ilie  market  by  the  Aoloniaiic  AddinK  Machine 
Company,  Broome  St.,  New  York  City,  at  a  piiee  of  fifteen  dollart, 
and  II  well  worth  purchase  bjr  any  one  who  contemplate*  correlatiOD 
work. 

■See.  for  example,  tbe  articles  by  Spearman  and  WiMln. 
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each  of  the  two  series  to  be  compared  must  first  be  distributed 
in  an  orderly  array.  Suppose,  to  take  a  concrete  instance,  we 
wish  lo  ascertain  the  correlation  between  the  accuracy  with 
which  50  boys  cancel  e  from  a  primed  slip  and  the  accuracy 
with  which  the  same  50  boys  cancel^,  r.  s  and  /from  a  atmilac 
slip.  The  results  of  each  test  arc  nrsl  arranged  in  order,  the 
least  accurate  boy  first  and  the  most  accurate  last  We  can 
then  either  determine  the  average,  in  which  case  all  the  boys 
that  rank  below  the  average  arc  minus  and  all  that  rank  above 
are  plus,  or  we  can  simply  take  the  median  value  and  consider 
the  first  35  boys  in  each  array  as  minus,  and  the  second  25  as 
plus,  cases.  By  rapid  comparison  the  following  values  are  next 
determined: 

DO.  cRBCs  thai  are  plus     lo  ma  lat  and  plas     In  the  xl  Mriet. 

* p1u>      "    "    *•     "    niona  "    "    *'     " 

'      •'  miaa*  "    "    "     "    pin*      "    "    •■     " 


c  — 

a  = 


The  index  of  correlation  may  now  be  obtained  by  reference  to 
ooe  of  Pearson's  simpler  formulas: 


,     u  v'Sd"  —  VW 

sJn  —  


Now  this  formula  may  be  brought  into  a  more  couvenieot 
form  if  we  replace  the  sine  by  the  cosine  of  its  complement. 


r  —  cos 


r*    _    *   V'ad    —   V^"] 


when  we  can  reduce  to 


If,  now,  we  further  simplify  by  substtituting  for  the  square 
root  of  the  product  of  the  0  and  c  cases  the  percentage  of  cases 
with  unlike  signs  (U).  and  for  the  square  root  of  the  product 
of  the^i  and  incases  the  percentage  of  cases  with  like  signs  (L),' 
we  obtain  Sheppard's  formula: 


r  = 


D 


L  +  D 


The  results  of  this  formula  do  not  differ  appreciably  from  the 
foregoing  as  the  valoe  of  the  fraction  is  virtually  identical. 


>  That  li,  Tirtully,  aabttitmiog  Ibc  arithmetical  for  the  geometrical 
Dcaa. 


) 


SH 


WHIPPLB  I 


Now,  siT)ceL+ Umostalwayscqual  loo,  and  since r^iSo*, 
this  foimuiB  may  be  written  for  greater  convenience, 

r  =  008U  1.8* 

Finally,  since  tbe  values  of  V  mmo.  ranee  from  50  to  o  for 
positive,  and  from  50  to  100  for  inverse  correlations,  it  now  be- 
comes possible  to  prepare  a  simple  tabic  from  which  the  values 
of  r  for  any  Integer  value  of  U  may  be  read  directly,  and  I  have 
here  introduced  this  Table  in  the  hope  that  it  may  prove  of  in- 
terest and  assistance. 

CtrrelatioH   TabU. 

for  the  formula  r  =;  cos  U  1.8* 

If  U  is  greater  than  50,  first  substract  it  firom  100,  then  pre- 
fix tbe  minus  sign  to  the  correlation  indicated. 


u 

r 

U 

r 

U 

r 

0 

r 

u 

r 

0 

I.DOO 

10 

■«« 

ao 

.809 

30 

■587 

40 

■309 

I 

3 

:^ 

tt 

■> 

■94" 
9»9 

11 

31 

,790 

.770 

3" 

3» 

.5M 
•53* 

4" 
41 

:^? 

3 

■995 

13 

.917 

as 

-75" 

33 

.309 

43 

.118 

4 

■5^ 

M 

.904 

»4 

.7^8 

34 

.481 

44 

.i«j 

% 

\l 

.891 
.876 

IS 
36 

■iz 

8 

::s 

% 

.IS* 
■las 

I 

.976 
.968 

;i 

.860 
.844 

'^ 

.661 
-637 

S 

:% 

% 

X 

9 

.960 

"9 

.8^7 

19 

.6.3 

39 

338 

49 

.031 

It  will  be  seen,  then,  that  the  discovery  of  the  approximate 
nnmerical  value  of  the  oonelation  between  two  series  of  data  is 
reduced  to  four  simple  steps,  ( i)  distribution  of  tbe  data  into 
two  arrays  section^  at  the  median,  (2)  counting  the  cases 
with  nnlike  signs  and  (3)  dividing  this  number  by  the  total 
number  of  cases,  {4)  reference  to  the  Tabic. 

Tbe  probable  error  may  be  calculated  from  the  formula:  * 

^.  «.  =  »fn     0.1686  T  (I  — r*)   /  —  +  —  +  —  +  — I 

To  illustrate  tbe  employment  of  these  methods.  In  tbe  exam- 
ple cited  the  following  values  were  obtained:  a  ^=  \S.  b  ^  n, 
c^9,d=  13,  Hence  U  =  38.  By  the  use  of  either  short 
formula,  r  =z  +.37  with  p.  e.  =  .26.  By  the  use  of  Pearson's 
product- moments  method  we  obtain  for  tbe  same  arrays,  r  = 
.47,  with/,  e.  =  .06,  but.  by  actual  timing,  after  tbe  distribu- 
tions had  been  made  the  first  method  occupied  eight  minutes 

iThe  valoeo({i-i*)  for  all  valnes  of  rmaj  be  obtained  directly  (ram 
a  Table  published  by  Yule,  /our.  tt.  S.  Soc,  X..  1897,  853-3. 
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and  the  second  two  hours  and  fifteen  minntes,  even  with  the 
aid  of  the  adding  machine  and  the  Tables  previously  mentioned. 
The  short  method  cannot,  of  coarse,  be  recommended  for 
the  final  determination  of  important  correlatioas,  becanse  the 
probable  error  is  large,  particularly  with  relatively  few  cases 
and  a  low  value  of  r,  but  it  is  very  serviceable  ^  the  pre- 
liminary examination  of  snch  data,  and  may  give  results  of 
value  when  the  scale  divisions  are  fiiirly  fine,  the  data  symmet- 
rically distributed,  the  number  of  cases  not  too  small,  and  the 
correlation  large,  say  above  0.50. 


SOME    EXPERIMENTS    ON    THE    ASSOCIATIVE 
POWER  OF  SMELLS. 


Bjr  B.  U.  UolCXx  and  B.  B.  TrrcKitMXH, 


This  brief  communication  may  be  regarde<l  as  n  foot-note  to 
Ihcstudy  published  under  the  same  title  in  1905  by  tlic  Misses 
A.  Heywood  and  H.  A.  Vortriede.'  The  object  of  that  study  w»s 
to  make  a  laboratory  test  of  the  obscr\'ation,  not  uncommon  in 
everyday  life,  that  odora  possess  a  remarkable  power  to  re- 
vive past  experiences.  The  method  followed  was.  in  general, 
that  nsed  by  Professor  Calkins  in  her  work  on  association. 
Combined  series  of  odors  and  pictures,  and  of  odors  and  colored 
squares,  were  presented  to  the  observer,  and  the  series  of  odors 
repeated  later  in  a  different  order;  the  percentages  of  correct 
associations  were  then  noted.  The  results  were  checked  by 
those  of  series  in  which  the  odors  were  replaced  by  nonsense 
syllables  (auditory  stimulus).  The  authors  conclude  tliat 
"the  odors  have  no  superiority  in  suggestive  or  fl£»x:iEttive 
power  over  the  nonsense  syllables." 

It  seemed  to  us  that  it  was  worth  while  to  repeat  these  ob- 
sen-atious.  We  hoped,  on  the  one  hand,  to  go  a  little  more 
deeply  into  the  qualitative  analysis  of  as.sociation,  and  on  the 
other  to  get  suggestions  for  an  improved  method  of  attacking 
the  problem.  Both  efforts  were  unsuccessful.  The  Calkina 
method  is,  without  any  doubt,  too  crude  for  analytical  work, 
and  the  change  that  we  ourselves  introduced  ted  only  to  nega- 
tive results. 

We  first  repeated  the  Vassar  experiments,  with  two  minor 
vanations.  The  time  of  exposure  was  reduced  from  15  to  5 
sec.,  on  the  gronnd  that  a  time  of  (5  sec.  might  give  opportu- 
nity for  wandering  of  the  attention.  Secondly,  while  we  em- 
ployed the  6-term  series  with  one  observer,  we  raised  the 
number  of  terms  to  11  for  two  other  observers:  it  was  possible, 
we  thought,  that  the  odors  might  show  their  superiority  under 
the  more  complicated  conditions.  The  results  need  not  be 
given  in  detail.  They  resembled  those  obtained  in  the  Vassar 
laboratory,  except  that  the  odors  showed  at  a  still  greater  disad- 
nntnge.     It  was  clear  that,  under  the  conditions  of  these  ex - 

>UiiiOT  StndJM  from  the  Ptychologfcal  LaboiMory  of  VuMi  Col- 
lege,  commnatcatcd  by  M.  P.  washbum,  i.  thit  Journal,  XVI,  i9as* 
Stj;  XVII.  1906,  148. 
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periments,  an  exposure  time  of  5  sec.  does  oot  allow  an  odor 
to  imprciui  iLsetf  upon  tlie  attention. 

Wc  then  had  recourse  to  a  change  of  method.  The  odors 
that  in  everyday  life  prove  c9ecti%-e  for  recall  ate  diffused  odois; 
the  "smell  of  box"  that  "recalls  a  garden  treqiiented  iu  child- 
hood" was  probably  dominant  over  a  wide  area  of  the  garden, 
and  wa»  thus  af^ocialed  to  a  varied  and  complex  visual  situa- 
tion. Wc  tried  to  reproduce  this  condition  by  Mifrii>itii;  our 
pictures  with  odors,  iustcad  of  presenting  the  odors  sepatalely 
in  phials.  A  careful  ^e!ecli«^  wa.H  made  of  50  picture  post- 
cards. Envelopes,  filled  with  cotton  wool,  were  pasted  to  the 
hacks  of  the  cards;  and  the  wool  was  saturated  with  the  odorons 
stimulus  before  the  experimental  series  began.  The  odors 
were  distributed,  as  evenly  as  possible,  over  Zwaardemaker's 
nine  clas.se«,  Kvery  care  was  taken  to  keep  the  stimuli  from 
mixing  or  becoming  contsminatcd  during  the  course  of  the 
tests.  The  cards  were  arranged  in  5  .series  of  10  members,  and 
the  experiments  were  made  with  two  observers,  both  of  whom 
had  taken  part  in  the  previous  work.  The  time  of  exposure 
was  10  sec.  for  the  one  and  15  sec.  for  the  other  ob.server. 

The  stimulus  in  the  combined  series  was  now  a  scented  pic- 
ture; in  the  test  series,  the  scent  alone.  Nevertheless,  although 
the  cotiditions  were  by  so  much  nearer  the  conditions  of  every- 
day life,  the  outcome  was  still  negative.  The  odors  were  no 
more  eflective  than  nonsense  syllables  (auditory  stimulus),  and 
were  distinctly  less  eScctivc  than  simple  geometrical  figures 
drawn  with  ink  in  a  comer  of  the  pictures.  The  result  was 
the  same  for  both  observers,  and  therefore  for  both  exposure 
times. 

The  next  Mep  in  method  wonld  be,  perhaps,  to  make  up 
combined  series  of  a  mixed  sort, — one  or  two  of  the  pictures 
being  scented,  and  the  rest  paired  with  uousen.'te  .syllables  or 
colo^  or  geometrical  forms.  We  were,  however,  compelled  to 
break  off  the  investigation  at  this  point. 


GENERAL  PRACTICE  EFFECT  OP  SPECIAL 
BXERCISB. 


Bt  J-  B.  CoovKR  and  Pxank  Akcbix. 


Somewbere  in  the  course  of  a  lecture  on  the  Relation  of  Nat- 
ural Science  to  General  Science,  Helmfaolts  speaks  of  the  ad- 
vautagcs  possessed  by  certain  studies  as  "means  for  training 
the  intellect,  inosmncb  nft  the>-  tax  equally  all  the  intellectual 
power*,*'  and  this  belief  in  the  general  disciplinar)*  value  of 
certain  studies, — the  greater  or  less  efficacy  of  certain  kinds  of 
intellectual  work  as  mental  gymnastic — probably  forms  the 
raisffn  itftre  for  education  in  the  minds,  not  only  of  most  lay- 
men, but  perhaps  of  most  teachers  of  the  present  time,  though 
what  may  be  the  factors  entering  into  this  discipltnary  pro- 
cess is  a  question  which  usually  receives  a  broad  or  vaKUe 
answer.  Hut  of  late  years,  under  the  title  of  formal  discipline, 
the  tenet  has  lost  considerably  in  dogmatism  and  gained  some- 
what in  definition,  so  that  it  ha.i  become  a  subject  for  experi- 
mental investigation.  The  present  article  is  a  contribution  tn 
this  aspect  of  the  subject,  1. 1.,  wh^tlier  it  can  be  shown  by  direct  1 
cx;^imcnt_that  the  improvement  acquired  by  practice,  in  one  1 
kiimoT^meutal  activity  is  induced  in  some  other  kind,  more  or  i 
less  remoter  ~  ~" 

The  greater  part  of  the  literature  of  the  subject  has  been  too 
frequently  tbra.shed  out  to  need  further  mention  here.  Of  the 
leis  commonly  quoted,  articles  which  bear  directly  on  the  qucM- 
tion  may  be  cited,  ist.  Urban tschisch's  investigation  in  Pfiu. 
Arch.  Bd.  4J,  in  which  be  showed  that  the  influence  of  a 
sound  stimulus  is  to  lower  the  limcos  for  light,  smell,  taste 
and  dermal  sensations;  and,  Hjistein's  work,  publi.ihed  in  Zeil. 
/.  Biol.  Bd.  3j,  indicating  that  a  sound  stimulus  heightens 
visual  acuteness  and  sensitiveness  to  color,  and  3rd.  Vogt's 
research  on  Distractibility  and  Habituation  in  Rruepelin's  Psy. 
Arb.  Bd,  3,  demonstrating  that  habituation  to  a  distractioD 
acquired  in  one  exercise  i^ay  l>e  carried  over  to  other  exercises. 
There  remain,  however,  two  investigations,  which,  being  of 
more  recent  date,  have  passed  less  frequently  through  the  criti- 
cal mill  and  therefore  call  for  more  detailed  examination;  Ebert 
and  Meumann's  extended  research  on  certain  fundamental 
questions  connected  with  memory  practice  in  Arch.  /.  d.  get. 
Pty..  Bd.  4,  and  Thorndike  and  Woodworth's  work  on  the 
y"lD£luence  of  Improvement  in  One  Menial  Function  upon  the 
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Efficiency  of  other  Functions."  in  Vol.  8  of  tbc  Psy.  Review. 
Tbc  treatise  of  Ebert  and  Meumann  iii  an  investigation  of  the 
induced  effects  of  one  kind  of  memory  training  on  other  kinds 
of  memory  carried  out  according  to  the  "test"  method.  More 
especially,  "across  section"  of  memory  was  taken,  determining 
tbe  eflicic-ncy  of  the  several  memories  for  meaningless  •lyllables, 
tetters  and  numbers,  one-syllabled  .substantives,  forei^^n  worda 
(Italian),  sianza-s  of  poetrj-,  visnal  signs,  and  prose.  The  re- 
agents were  then  trained  on  meaningless  syllables,  when  another 
"cross  section"  of  memory  wa.s  taken,  to  teiit  both  immediate 
and  permanent  retention.  The  tests  indicated  that ihe  special 
trainingbad  increased  tbe  efficiency  orall'tbe  several  kindit  of 
memory  and  that  for  tbe  kinds  of  memory  most  closely  allied 
to  ibe  test  processes,  the  increase  to  efficiency  was  greatest. 
Thus,  tbe  authors  state  that  the  training  increaiied  tbe  efficiency 
of  memory  fur  retaining  philosophic  prose  70%,  and  tbc  memory 
for  visual  signs — a  process  certainly  very  unlike  the  tniining 
process  with  meBningIeH.H  .>yllabtes — showed  an  increa^e  in  effi- 
ciency of  over  55%,  {Arch.  /  rf.  get.  Piy..  4:  i8a).  In  fact 
Ibe  iaciease  in  memori/.ing  ability  for  all  kiuds  of  memories 
was  so  great  that  the  reagents  came  to  designate  the  (raining 
process  as  "memory  cure,"  It  is  to  be  regretted  that  the 
authors  did  not  carry  on  a  "control"  experiment  along  with 
their  tests  to  ascertain  tbe  training  effect  of  tbe  teats  themselves 
and  to  throw  additional  light  on  the  changes  taking  place  in 
tbe  training  intcr\'ats.  Nevertheless,  the  investigation  indicates 
pretty  clearly  that  the  training  of  a  special  memory  increases 
the  power  of  memory  in  general.  The  answer  to  the  question 
how  the  learning  of  meaningless  syllables  increases  tbe  efficiency 
of  all  other  kiuds  of  memory  is  answered  by  the  autkorK  with 
an  explanation  involving  a  sympathetic  practice  effect  of  allied 
memory  functions  tbrougha  hypothetical  psychophysical  action. 
But  as  G.  1^.  Miiller  has  pointed  out  in  hi»  review  of  tbc  work 
{Zeil./.  P(y.,  39:  113).  the  known  causes  of  improvement,  re- 
garded by  the  authors  as  merely  auxiliary,  such  as  increaite  of 
power  of  concentrating  attention,  increase  in  effort  to  perfect  a 
memory,  decrease  in  feelings  of  discomfort  and  tediousness, 
improvement  of  lecbniqtie  of  learning — all  of  these  should  be 
logically  regarded  as  "cattse"  rather  than  a  mysteriously  hypo- 
thetical psychological  action.  * 

The  i^ve^tiKat■^ln  of  Thurndike  and  Woodworth  was  also 
carried  out  according  to  the  test  method,  its  object  being  to 
ascertain  the  result  of  training  with  weights,  area.<i,  and  lengths 
on  the  ability  to  estimate  other  weights,  areas  and  lengths  re- 
spectively, that  differed  from  tbe  training  series  either  in  siu 
or  .shape  or  both.  In  addition  they  tested  tbe  effi^t  of  training, 
in  the  marking  out  of  certain  letters  or  misspelled  words  on  a 
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printed   page.     One  mLtses,  however,  those  qoalities  which 
matce    Ebcrt    and    Mcnmaan's    invcEtigatioii    of   first    rate 
importance,  particularly  the  careful  elaboratiou  of  the  plan  of 
work,  the  actual  working  out  of  the  nicthtxl  in  the  form  of  de- 
tailed introspections,  and  tlie  searchine;  and  thorough  analysis 
of  results,     The  general  conctusions  from  these  experimeots 
are  given  ia  Thomdikc's  "Hducational  Psychology,"  p.  91. 
and  arc  to  the  effect  that  "the  iniprm'ement  in  any  single  men- 
tal function  need  not  improve  the  ability  in  function* com awnly 
cttlled  by  the  same  name,"  and  further  that  "the  practice  eSect 
seems  to  make  it   likely  that  spread  of  practice  occurs  only 
where  identical  dements  arc  concerned."     It  docs  not  appear 
that  the  conclusions  of  the  authors  of  the  article  are  wholly 
borne  ont  by  ihc  figures,  the  te»t  on  estimating  the  me  of  Kur- 
facesj^.j?..  showing  greater  improvement  for  figures  which  were 
unlike  the  training  series  in  aiiie  and  sliape  than  for  thoae 
nearest  in  cither  size  or  shape.     The  writers  state  that  their 
experiments  were  rough  and  designed  to  show  merely  general 
teudeucic«,  but  it  is  not  clear  that  the  figures  kIiow  anything 
beyond  great  individual  diSi^rcnces.     Had  the  figures  shown  a 
loss  of  efficiency  in  executing  the  tests,  the  question  of  trans- 
ference of  function  would  have  slill  been  open.     Rough  experi- 
ments unaccotupanicd  with  introspection  and  so  not  snscepiible 
of  careful  analysis  arc  of  very  little  value  in  work  of  this  kind. 
The  marking  out  of  words  is  a  complicated  discriminative  re- 
action,   which  ia  not  only   performed  in  very  different  ways 
by  different    reagents,   bnt   in  different    ways   by   the   same 
reagent  in  one  sitting.     How  different  these  ways  may  be  will 
lie  shown  later  in  an  analytical  paper  by  Mr.  G.  Suow-Gibbs 
on  "Tests  in  Applied  Psychologj-."     On  the  other  hand  intro- 
itpective  data  gathered  by  one  of  the  present  writers  in  repeat- 
ing these  experiments  (J.  K.  C. )  seem  to  indicate  clearly  that 
the  improvement  in  after  tests  in  marking  out  letters  is  itot  doe 
to  the  functioning  of  "idenlical  motor  elements."  vii.,  eye 
movements  for  example,  but  to  a  reduction  of  the  recognition 
of  a  word  ascontaiuing  certain  letters  to  its  essential  procea*. 
The  process  had  been  relieved  of  the  annccessary  and  retarding 
sc^o^MMncnts  (kinesthetic  and  acoustic  imagery)  noted  In 
the  first  tests  and  in  the  early  stages  of  training.     In  other 
words  the  improvement  was  due  to  the  general  function  known 
as  habituation. 

At  any  rate  it  .teemed  advisable  to  attack  the  problem  io 
such  a  way  that  the  factor  of  identical  motor  elements  could 
play  no  important  part,  so  that  if  improvement  in  efficiency  was 
shown  in  the  test,  it  could  only  be  nttiibutcd  to  some  such 
general  factor  as  habituation.  Accordingly  tests  were  made  00 
sensible  discrimination  in  diffisrent  modalities  of  senite  and  on 
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discriminative  Teactton  vitb  choice  in  wfaicb  tbe  reaction 
motions  common  to  the  test  and  tntlning  »ene!i  were  a  nef;liKible 
quantity.  In  addition,  control  experiments  were  carried  along 
lo  indicate  the  effects  of  test  series  without  the  traitiintt- 

I.    Test  in  Light  Disckiuinatioh  witb  Tkaininu  ih 

Soo»D. 

Four  reagents  were  trained  in  discrimination  of  iutenMtics  of 
tfiund  for  17  days  during  an  interval  of  57  days.  Each  reagent 
made  40  judgments  in  each  day's  training. 

Before  and  after  training  the  reagents  were  tested  in  the  dt54 
crimination  of  .-shades  of  gray,  each  test  consisting  of  tlireel 
series,  each  containing  35  judgimeots,  delivered  on  3  separate' 
days. 

In  the  training  on  sound  the  stimuli  were  given  with  a 
sound  pcudulum.  The  method  was  that  of  constant  dtfTcTeucc, 
procedure  being  without  knowledge.  There  were  about  10 
values  for  D  in  each  series.  The  judgments  were  made  in  lour 
categories,  viz.,  louder,  so^r,  like,  and  doubtful.  In  one  pair 
of  series  each  day.  introspections  were  noted  down  by  the  rea- 
gent after  each  judgment ;  in  the  remainder  the  noting  of  intro- 
spections wa.1  reserved  until  after  each  serie-i  was  finished. 

Discriminative  ability  at  the  beginning  and  end  of  the  train- 
ing was  calciilalctt  tn  per  cents  of  Right  caiies  in  the  first  tea 
jiidgmcnls  and  the  last  ten  judgments  made  upon  six  each  of 
the  values  o(  D,  that  is,  upon  most  of  the  judgments  of  the 
first  anil  last  two  days.  No  judgments  were  included  where 
D=o.  and  "like"  judgments  for  other  values  of  D  were  rc- 
gardeJd  as  undecided.' 

The  tests  on  brightness  were  made  with  a  Marbe  color  mixer 
so  mounted  as  to  run  noiselessly.  The  experiments  took  place 
in  a  dark  room  with  the  tight  coming  from  behind  the  reagents. 
All  the  apparatos,  including  the  disk  when  not  exposed,  was 
draped  in  black.  Norm  and  variable  were  exposed  for  two 
seconds  with  an  interval  of  four  seconds.  The  attention  signal 
came  two  seconds  before  the  exposure  of  the  norm.  The 
method  was  also  that  of  constant  diflerences,  without  kuowl- 
c<igc  and  the  judgments  were  gi«n  in  the  categories  of 
■"lighter."  "darker,"  "like,"  and  "undecided."  Introspec- 
tions were  noted  by  reagents  afler  each  series  of  seven  judg- 
ments. The  order  of  variables  in  the  test  before  training  was 
repeated  in  the  a^er-training  test,  btit  tn  Iwth  ca-ses  was  be- 
ll<nred  by  the  reagents  to  be  determined  by  chance.  In  order 
to  estimate  the  possible  practice  eSects  of  the  preliminary  test 

>  V.  Anxell :  Ducrimt nation  of  Shade*  of  Oi«r,  etc.  Phil.  Stud., 
XIX,  S.  ao. 
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Bnd  the  interval  between  thnt  and  the  after-test,  a  control  ex- 
penmcnt  was  carried  along.  In  this  three  reagents  were  given 
testit  in  brightness  discri  mi  nation  under  conditions  identical 
with  those  obtaining  with  the  regnlar  reagents,  except  that  a 
instead  of  3  days  were  taken  as  a  basis  of  comparison.  At  the 
cod  of  the  imeri*al  used  by  the  test  rcagentii  for  training,  /.  «,, 
46  days,  the  control  regents  took  the  second  test. 

Table  I  gives  a  summary  of  the  nnmertcal  results  for  both 
test  and  control  reagents.     From  this  it  will  be  seen  that  alt 
the  teitt  reagents  with  one  exception  show  a  gain  in  Kjght  and 
loss  in  Undecided  judgments  after  training,  and  that  all  the 
control  reagents  show  a  loss  in  discriminative  ability  after  the 
interval  of  rest  which  was  occupied  by  the  test  reagents  in 
training.     The  )>er  cent,  of  gain  for  the  4  test  reagents  was  4, 
4,  6,  6,  o,  o,  and  27.  5,  making  an  average  of  9,  i.    The  case 
of  the  one  test  reagent  who  showed  do  improvement  in  tba 
after  test  would  seem  to  he  a  fair  example  of  the  exception ' 
which  pnn-es  the  rule,  for  while  the  other  reagents  in  the  train^ 
ing  on  sound  alt  showed  improvement  which  amounted  to  7,  5,) 
and  15  per  cent,  respectively,  this  particular  reagent  showedl 
iHj  improvement  in  the  judgments  of  the  last  two  days  as) 
compared  with  the  first  tw<^  and  in  fact  hod  &lleD  off  to  the/ 
extent  of  three  per  cent. 

The  iutrospections  indicate  that  the  discrimination  processc 
were  accompanied  by  much  imagery  from  other  domainii  o 
sense  nhich  in  (tome  cases  determined  the  judgment.  Tbi; 
imagery  was  iu  great  pert  kinesthetic  and  visual.  In  addition 
tbe  sounds  seemed  to  have  certain  spatial  or  temporal  attri' 
butes  which  at  times  influenced  the  judgments.  "Variable  bad 
along  drawn  out  sound;"  "Variable  is  a  broader  wund,  ttiatl 
is  to  say,  widely  spread;"  "Variable  comes  from  a  farther  < 
place;"  "Variable  is  a  small  sound."  Again  bodily  impres- 
sions may  have  entered  into  the  act  of  oomiuiriwn  such  as 
"resonance"  or  "ringing"  in  the  cars  or  seemingly  deeper 
seated  sensation  in  tbe  bead.  "Discrimiuate  eGfects  in  the  head 
rather  than  external  sounds."  One  reagent  seemed  to  com- 
pare tbe  intensities  of  bodily  reactions  to  the  sound  stimuli 
themselves  or  to  imagery  called  up  by  the  stimuli,  e.  g.,  the 
"flash  of  a  bicycle  lamp." 

Besides  these  various  reproductive  factors  which  accompany 
the  essential  soimd-di.-icriraination  process,  there  arc  disturbing 
factors  of  a  general  nature,  such  as  strong  expectation  for  a 
loud  ur  weak  .sound,  and  the  varying  intensity  of  the  state  of 
attention.  If  a  loud  sound  is  strongly  expected,  a  weak  one 
may  seem  weaker ;  if  a  weak  one  is  expected  a  loud  ose  may 
seem  louder.  If  tbe  Intensity  of  the  state  of  attention  is 
sought  to  tie  kept  at  a  maximum,  it  will  vary  greatly,  a  result 
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Tablh  I. 
Test  JudgmenU  for  Control  Reagents. 


Comparison  0/  Test  and  Training  Judgments /or  Test  Reagents  and  0/ 

'    '   ■  Con 


Test  Reagents. 


A. 

Right  Judgments. 

Aw 

Na 

Ya 

Cr 

TotaL 

Testa. 

No.  R.  Before  training. 
"     "    After 

60 
64 

46 
5a 

47 
47 

46 
68 

"9 

Diff. 

+  4 

+  6 

0 

+aa 

+3J 

Training  in 
sound. 

No.  R.  ist  a  days. 
"     "    last  3  days. 

3' 

aa 

»5 

36 

a4 

37 

34 

97 
114 

Difference. 

+9 

+3 

— a 

+  7 

+  17 

B. 

Undecided  Judgmenta. 

Tests. 

No.  tl.  Before  training. 
"     "    Alter 

16 
13 

38 
19 

za 
aS 

% 

'^ 

Difference. 

—3 

—19 

+6 

— ai 

—37 

Training  in 
sound. 

No.  V.  1st  a  days. 
"     "    last  3  days. 

iS 
9 

\l 

16 
ao 

16 
S 

73 
53 

Difference. 

—9 

—7 

+4 

—8 

— ao 

Control  Reagents. 


c. 

R.  and  U.  Judgmenta. 

Rl 

An 

Wr 

Total. 

Tests  before 
and  after 
in  terval 
without 
training. 

No.  R.  Before  internal. 
'•     "    After 

41 
38 

31 
30 

46 
43 

118 
III 

Difference. 

—3 

— I 

—3 

—7 

No.  U.  Before  Interval. 

"     "    After 

10 
13 

16 
15 

a 
7 

aS 
35 

Difference. 

+3 

— I 

+5 

+7 

due  both  to  its  own  rhythm  and  to  the  vaiyiag  subjective  con- 
ditions upon  which  it  depends. 

Improvement  seems  to  consist  0/  divesting  the  essential  process 
of  the  unessential  factors,  freeing  judgments  from  illusions,  to 
which  the  unnecessary  and  often  fentastic  imagery  §ive^  rise, 
and  of  obtaining  a  uniform  state  of  aftentiou  whichls  less  than 
a  maximum  :  "Judgment  does  not  reqnire  strained  attention. 
All  are  quite  certain  or  satisfactory.  Don't  see  what  the  pro- 
cess is  now — seems  automatic"  (Cr.  May  12,  IV).     And  uni- 
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fofmity  of  direction  of  attention  may  also  result:  "Am  able 
to  Rtistract  from  vi.sueil  ioiage  of  tfae  apparatus  entirely,  and 
yet  refer  the  sounds  to  external  stimuli.  This  seems  to  take 
the  leust  efTort  and  is  more  aatis&ctory"  (Cr.  May  17,  IV). 
Many  of  the  introspection);  of  the  various  reagents,  near  the 
end  of  training,  were  "No  imagery." 

Our  conclusion  from  the  exj)eriment,  therefore,  a  that  effi- 
ciency of  sensible  discnmiuatioa  acquired  by  training  with 
sound  .stitnuti  has  been  tratuiferred  to  the  efficieucy  of  discrimi- 
nating brightness  stimuli,  and  that  the  factors  in  thi^  tratufer 
are  due  in  great  part  to  habituation  and  to  a  more  economic 
adaptation  of  attention,  1.  «.,  are  general  rather  than  special 
in  character. 

II.    Rkactiok  with  Disckimination  and  Cboicr. 

In  the  experiments  with  discrimination  and  choice  identical 
motor  clemeiils  were  eliminated  by  employing  different  kinds 
of  stimuli  and  different  forms  of  reaction,  although  in  both 
eases  the  sense  of  sight  received  the  stimuli,  and  reactions  were 
made  by  movements  of  the  hantl^t.  < 

The  object  of  the  experiment  was  to  determine  the  effects  of  )^ 
practice  in  one  form  of  activity  upon  elliciency  in  another.  1 
This  inSuencc  could  show  itself  cither  in  lowering  reaction 
lime  in  the  latter,  or  making  it  more  reitular,  or  both. — which 
would  be  apparent  in  a  practice  curve  of  the  tested  ability. 

The  training  was  accomplished  by  about  15  exercises  inj 
sorting  cartb.  Fotir  reageuts  took  the  training  which  was 
scattered  tbrongh  a  space  of  about  40  days.  In  this  tinM 
about  4,00a  cards  were  distributed  by  each  leagent  (CI  4,200,' 
Al  3,800.  Cr  5,300.  Bs  4,000), 

Before  the  training  iu  card-sorting  the  reagents  were  tested 
for  five  Hays  on  *  "tyijewriter  rcnclions."  aggregating  atmul  3,000 
reactions  in  each  case  (CI  a, goo,  Al  3,900,  Cr  3,700,  Bs  3,100), 
and  after  training  in  card-.'torting  there  cani«  the  after  test  for 
three  dsya,  giving  about  i,Soo  reactions  (CI.  Al.Cr,  t.Soo.  Bs 
1.700). 

For  the  training  a  Jastrow  card-sorting  cabinet  was  used 
with  6  compartments;  ihe  cards  were  made  of  smoolh,  buff- 
colored  Bristol-board  (77x52  millimeters).  In  the  centre  of 
each  card  a  colored  rectangle  was  painted  in  water  color  (i3x 
5a  mm.),  six  colors  being  used — red.  blue,  black,  and  brown 
in  a  rather  deep  shade,  anil  yellow  and  gteen  in  tints.  The 
cabinet  stood  at  a  convenient  height,  and  was  entirely  covered 
with  bhck  cloth. 

In  card-.wrting  the  reagent  stood  at  the  cabinet  and  held  in 
his  left  hand  a  pack  oi  50  cards,  from  the  top  of  which  be 
would  grasp  a  card,  turn  it  up  sufficieutly  to  see  its  color  on 
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the  uadcT  surface  and  drop  it  into  its  appropriate  compart- 
ment. In  a1x>iit  the  middle  of  the  traiuiug  Ibe  color  labels 
tvcre  removed  from  the  compartments. 

The  cards  were  arranged  in  packs  of  50,  according  to  12 
difTerent  orders  in  which  each  color  Appeared  about  as  often  as 
cvcr>'  otbcT,  each  preceding  and  succeeding  the  other  about 
equally  often ;  no  color  recurred  with  Ie&^  than  two  intervening 
colore. 

The  assignment  of  colors  to  the  compartments  was  so  made 
that  the  spatial  relations  of  the  latter  would  not  correspond 
with  the  complementary  or  spectral  relations  of  the  former. 

For  the  "typewriter-reaction"  a  Blickensderfer  typewriter 
was  used,  fitted  up  with  a  screen  through  which  bnt  one  letter 
could  appear  at  a  lime.  Series  of  letters  were  printed  with  the 
typewriter  and  cut  into  strips  which  could  be  clipped  to  the 
"scale-bar"  and  moved  behind  the  screen  by  the  "carriage." 
The  spacing  of  the  letters  in  the  series  and  of  the  typewriter 
"action"  l>eing  the  same,  the  strip  conld  be  so  adjusted  that 
every  time  a  key  was  struck,  a  new  letter  appeared  through 
the  screen. 

The  \'arious  series  were  made  up  of  four  letters  in  such  a 
wajF  that  all  the  letters  appeared  about  the  same  number  of 
times,  and  each  letter  preceded  and  succeeded  every  other 
letter  and  itself  about  equally  often. 

In  the  "type  writer- react  ion"  the  reagent  sat  with  lits  hands 
in  position  over  the  lower  bank  of  keys  on  cither  si<lc  of  the 
middle,  and  reacted  to  the  letters  as  they  appeared  through  the 
screen — a  and  /on  the  left  and  ^and  n  on  the  right. 

The  time  of  reaction  to  each  letter  was  recorded  in  another 
room  upon  a  kymograph.  The  typewriter  itself,  of  course, 
making  rei.ordsof  the  reactions,  which  could  be  inspected  for 
accuracy. 

Ci"ttn>l  Kxperimenl.  In  order  to  determli>e  more  definitely 
the  possible  effects  of  the  training  in  card  sorting  in  the  "lypc- 
wr  iter -reactions,"  three  reagents  were  trained  in  the '  'typewriter 
reaction"  three  days  before  and  two  days  after  an  interval  of 
45  days  during  which  no  training  was  taken.  In  both  the  test 
and  control  ex{)«nmeni,  eflicieticy  was  estimated  b>-  the  time 
involved  and  in  number  of  errors  in  each  too  reactions. 

Table  11  gives  the  daily  average  time  and  error  for  100  n- 
BCtioos  on  the  typewriter  for  the  tctt  reagents,  Iwth  ttefore 
(A)  and  after  (B)  training  in  card-sorting,  and  Table  III  gives 
like  data  for  the  control  reagents,  both  l>efore  (A)  and  after 
(U)  an  interval  without  practice. 

The  quantitative  results  as  laid  down  in  those  two  summaries 

fseem  to  be  ambiguous:  the  reagents  trained  on  the  card-sorting 

show  indeed  an  increase  In  efficiency  in  the  after-test  on  the 
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TaBLH  II. 

Test  Reagents.    Daily  average  of  time  (in  sec.")  and  errors  for  loo 
reactions  on  Typewriter. 


A.    Before 

Training. 

CI 

Al 

Cr 

Bs 

■ec.      errors. 

76        0.9 

73-5          «  I 
67.4          1 
69             1 
63.3         0.8 

sec.      errors. 
94              0 

li              \ 
73-1          6.3 
72-2          4-5 
72.7          7 

sec.      errors. 

73              3 
76              3 
7i-a          3.5 
69  I          3 
69  I          5 
67              4 

sec.      errors, 

99  5          5 
87 -3          3 
84              4-5 
80.1          5-3 
77-9          4-3 

B.     After  Training. 


63.1 

I 

65. » 

8 

66.4 

4-S 

70.7 

8 

61.3 

I 

62.9 

II 

63.1 

4-5 

69 

3-3 

60.4 

I 

61 

13 

6.. 7 

5-4 

66.3 

6 

Tablk  III. 

Control  Reagents.    Daily  average  of  time  (t»  sec")  and  errors  for  roo 
reactions  on  Typewriter. 

A.     Before  Interval. 


sec. 

90.7 

74-1 
74 


5 
6-3 


141 -8 

116.5 

96.1 


4 
1-3 

'S 


sec.      error*. 
87  I 


B.     After  Interval. 


66.3 


4-5 
7 


1-3 
13 


80.5 


typewriter,  but  most  of  them  show  an  increase  in  errors.  More- 
over the  control  reagents  also  show  an  increase  in  efficiency 
after  their  incubation  period.  In  both  cases,  however,  an  in- 
crease in  speed  was  to  be  expected,  for  the  common  belief  in 
beneficial  effects  of  incubation  periods  on  bodily  activity  has 
been  amply  confirmed  by  numerous  investigations  on  practice 
and  fatigue.  The  question  of  the  effects  of  the  training  in 
card-sorting  must,  therefore,  find  its  answer  in  an  examination 
of  the  errors  and  of  the  introspective  evidence.  The  obvious 
explanation  of  the  increase  in  speed  accompanying  the  decrease 
in  accuracy  is  that  as  the  reagents  increased  in  manual  dexter- 
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ity  they  became  more  cnre1e!»  In  co-ordinnting  (he  visual  im- 
prcssions  witb  the  reactions;  in  short,  that  accuracy  was  sacri- 
ficed to  speed.  But  a  study  of  llie  erront  shows  that  the 
obvious  explanation  is  not  correct,  for  taking  from  each  of  the 
eight  test  days  the  series  of  reactions  showing  the  maximum 
and  minimum  number  of  reactions  re!*pectively,  we  get 

Table  IV. 

Tabic  ef  RtUHon  of  Rtattion  Times  to  Max.  and  Mm. 
Numhtr  0/  Errors. 

CI  with  0.06  errors  ftverages  66.4  sec.   for  too  reactions 


■• 

a.3 

67.9 

Al    ■• 

4.7 

72.0 

It 

9.9 

73.0 

Cr  " 

1.4 

65.6 

li 

5.9 

68.4 

Bs   ■* 

».3 

'■. 

77.8 

f  ( 

7.9 

81.6 

•  I 
II 


The  figures  from  which  these  averages  are  taken  occur  ir- 
regularly throughout  the  several  series  of  the  eight  days,  so 
that  it  cannot  be  urged  that  the  correlation  of  a  smellier  number 
of  errors  with  greater  !<i>eed  is  due  to  each  day's  practice  effects. 
As  a  matter  of  fact  in  the  majority  of  the  eight  cases,  the  maxi- 
mum uumber  of  errors  occurred  in  the  later  series  of  the  day.  , 
The  introspections  show  the  reasons  for  this  inverse  relation 
existing  between  speed  and  error  tcudcncics.  Cr  notes  "Made 
mistake  and  was  bothered  thereby;"  "Erront  result  in  con- 
fusion aud  pauses."  Al  remarks,  "The  large  number  of  mis* 
talcea  impedes  the  rapidity  as  one  is  troubled  by  them;"  Bs 
says  "Mi-stakes  were  noticed  and  caused  confusion  at  the  time," 
CI  says  "The  time  I  speut  in  thinking  of  a  mistake  caused  a 
ay."  From  both  tables  and  introspections  we  see  that  the 
rense  of  errors  in  the  after  test  can  be  due  only  in  a  small 
paVttocarelessnessaccompauyiuK  greater  skill  in  manipulation, 
.^.■nd  the  question  then  arises,  to  what  is  it  due? 

There  were  probably  at  least  five  special  causes  for  the  errors: 
( t )  Lack  of  co-ordination  between  the  letter  and  its  proper 
reaction,  (a)  Anticipation  of  a  letter,  in  which  case  the  reac- 
tion look  place  before  the  letterwascognized,  (3)  Falscrecog- 
nition  of  the  letter,  (4)  Reaction  incited  by  rhythm  without 
1  cognition  of  letter,  and(5)  Misplacement  of  the  fingt;rs  on  the 
\  keys.  The  fourth  cause  is  probably  the  chief  factor  iu  the 
increase  of  errors  in  the  second  training. 

As  the  reagents  acquired  more  and  more  skill  on  the  type- 
writer, a  strong  tendency  developed  towards  rhythmic  series 
reactions  which  resulted  uot  in  false  or  mistaken  reactions,  but 
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ia  mechanical  reactions;  that  is,  the  rhythmic  teadency  was 
strong  enough  to  overcome  the  voluntnry  effort  towariLs  a  di»- 
criminatirc  reaction.  The  effect  of  this  power  was  to  prodace 
the  confusion  referred  to  above  and  in  general  to  lengthen  the 
total  time  for  the  scries.  A  general  source  of  error  for  the 
after-tests  was  the  fact  that  Ibey  came  in  the  closing  days  of 
the  semester  when  the  burden  of  the  examination  period  fell 
heavily  on  insttuctois  and  students  alike.  The  introspections 
give  altogether  too  full  evideitce  of  the  condition  of  general 
&tigu«  with  which  the  reagents  entered  on  the  lesUt  after 
training. 

There  teniains  to  he  diitcussed  one  effect  of  the  training  which 
cannot  be  shown  by  tables,  and  that  is  the  effect  of  training  on 
ease  of  accomplishment.  The  figures  for  the  afler-test  on  the 
ty[)ewritcr  show  that  the  lest  reagents  made  very  liiile  gain  in 
speed  for  the  three  days  of  the  lest  itself.  Indeed  the  slctllcd 
reagents  CI  and  Cr  had  arrived  at  their  maximum  efficiency  one 
or  two  practice  days  before  the  training  period,  and  if  the  card- 
sorting  bad  favorably  affected  the  speed  of  tbc  typewritiug  it 
could  not  l>e  shown  by  numerical  re.'iults.  Bnt  the  introspec- 
tions show  a  very  unexpected  increase  in  the  ease  of  acoom- 
plisbmeut  following  on  the  card-sorting. 

On  the  Grst  day  of  tbc  second  test  CI  remarks,  "Sight  of 
letter  produced  the  reaction  movement  without  my  thiuking 
of  my  fingers  or  of  the  sight  of  the  keys."  Al  remarked, 
"No  bcadadie,  no  nausea  as  before  card-sorting,"  "Much 
etsJer  ihao  at  first;"  "General  Ijackground  of  feeling  is  prob- 
ably not  unlike  that  of  the  card-sorting  test,  but  I  did  not 
think  of  the  card-sorting  test  during  the  trial."  Cr  said: 
"Process  was  surprisingly  automatic  and  was  accompanied 
with  ease.' '  "Seems  more  automatic  than  ever  before,  and  even 
more  so  than  the  card-sorting.  I  do  not  pay  the  .slightest  at- 
tention  to  the  fingers  on  the  keyboard  when  the  process  is 
going  best.  ...  It  appears  that  the  old  associations  have 
not  only  not  been  interfered  with  by  forming  new  ones  in  curd- 
BOrting,  but  that  tbey  have  become  Grmer  and  action  ii}-'oa 
them  more  ready  and  automatic  than  it  was  before  or  than  it 
vos  in  card-sorting"  (April  27).  On  the  last  day  of  the 
typewriter  training  before  card-sorting  l)cgan,  Bs  remarked, 
"Pauses  lietwtcn  letters  caused  by  having  10  think  which  fin- 
ger I  should  put  down,"  and  on  the  first  day  of  training  after 
card-sorting,  "Seemed  more  natural  than  I  thought  it  would." 
and  the  next  day.  "Seemed  more  natural  to  react  to-day,  de- 
mands less  attention,  tendency  to  become  automatic." 

The  introspections  of  the  Control  reagents,  on  the  other 
hand,  none  of  whom  was  familiar  with  typewriting,  show  that 
while  some  ease  and  facility  were  experienced  in  the  period  be- 
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fore  trsintuK,  the  anertest  seeaietl  unexpectedly  "difficult" 
and  "unbamly;"  Mn  stated  in  the  after<tcst  that  "Reaction 
seemed  difficult."  "Seemed  to  have  to  stop  to  think  which 
6D!!cr  was  to  react  to  the  different  letlent."     Ge  in  the  period 
heforc  training  said,  "The  reactions  arc  becoming  more  auto- 
matic;" and  in  the  after-te^t  itiut  he  "looked  at  a  letter  not 
knowing  what  to  do,"  and  that  "combination:^  of  letters  here 
were  particularly  unhandy."     Feelings  of  discomfort  and  diffi- 
culty following  on  the  interval  without  pructice  of  any  kind 
emphasize  the  conclusions  of  the  preceding  paragraph,  viz.:  I 
That  the  training  in  card-sorting  is  the  cause  of  the  increased  | 
ease  and  ^icility  experienced  hy  the  regular  reagents  in  the  1 
second  trial  iu  typewriter-rcactiou.  ' 

Condusiim,  We  may  conclude,  therefore,  from  the  results 
of  this  experiment,  that  training  the  activity  of  Reaction  with 
Discrimination  and  Choice  by  ^rting  cards  into  compartments 
has  increased  the  facility  of  a  like  activity  in  both  speed  and 
regularity  in  "typewriter- reaction"  (a)  noticeably,  in  two  cases, 
after  the  latter  had  l>ecome  antotuatic,  and  (b)  markedly  io 
two  others,  in  the  course  of  practice. 

The  cause  of  transferred  facility  could  not  have  been  iden- 
tical motor  elementt.  In  the  ' 'typewriter- reaction"  the  eyes 
rested  sharply  fixed  upon  one  spot  upon  the  screen,  while  in 
the  card-sorting  reaction  the  eyes  moved  rapidly  about  over 
the  comparcmcots  in  thi;  cabinet,  merely  glancing  at  the  colors. 
The  dilterence.s  in  manipulation  between  lapping  keys  with 
forefinger:^  and  sorting  cards  are,  of  course,  patent.  To  what, 
then,  is  this  improvement  due? 

According  to  the  introspections  of  the  regular  reagents  on  ^ 
their  card-sorting  training,  the  process  of  reaction  i-t  variable. 
At  the  beginning  of  training  they  matched  the  color  of  the 
cards  with  the  labeh;  on  the  compartments ;  then  to  increase 
speed  a  system  of  mnemonics  is  employed,  designed  to  form 
B^sstiduiions  in  the  mind  between  a  compartment  and  its  color; 
this  ^vstcm  then  goes  through  a  process  of  mutation, — becom-  j 

iiJ^  ribbreviated,  changed  in  part,  supplemented,  or  is  super-  , 

~"^  sedcd  by  another;  finally,  through  repetition,  reactions  to 
particular  compartments  become  co-ordinated  with  their  re- 
spective colors  and  are  made  directly— free  from  any  "system" 
except  in  rare  cases,  Synchronously  with  the  growlh  of  tlie.<»e 
co-ordinations  adventitious  processes,  such  as  pronouncing  the 
name  of  the  color  wlien  cogniMd,  movemenLi  of  the  whole 
body  and  useless  movements  of  the  hand,  decrease  to  a  mini- 
mum. 

As  regards  the  "typewriter- reactions."  the  lotrospectlons  of 
both  regular  and  control  reagents  show  that  the  processes  of 
reaction  go  through  like  stages,  except  thi^t  the  muemouic 
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syslems  arise  sooner  aod  cbaoge  oftener.  No  two  systems  are 
alike.  But  alt  finally  give  way  to  tbc  direct  reactbu  wbich 
has  been  co-ordiualed  with  tLs  letter.  Again,  advent itioits 
processes,  such  as  pronotincing  letters  upon  cognizing  them, 
visualizing  keys,  fingers,  or  tbeir  order,  likewise  decrease  to  a 
inJnimntn. 

I>iScrent  as  the  typewriting  and  card-sorting  reactions  are  in 
details  the  course  of  experimentation  developed  a  general  con- 
dition common  to  both,  i.  e. ,  Ihe  habit  of  stripping  the  etsential 
process  of  Hnneassary  and  (OmfAicalinj^  aeeeisories. 

Introspections  further  show  that  in  any  one  series  several 
systems  of  mnemonics  may  be  operative;  there  may  be  also 
some  direct  reactions  due  to  the  co-ordination  of  stimulus  and 
tcttctjon;  in  one  part  of  the  series  one  sUmulus  causes  difficnity 
and  elsewhere  anoihcr  stimulus,  while  some  stimuli  scem  harder 
than  uthcrn  Ihroughdut  tlic  whole  series.  Improvement  here 
seems  to  consist  in  resolving  the  reaction  process  to  a  single 
type  {except  in  so  far  as  reactions  become  direct),  and  in  at- 
tending more  closely  to  difficult  stimuli  until  their  reactions 
become  as  ready  as  those  to  tbe  other  stimuli. 

Again,  inttxispections  and  records  show  that,  even  after  a 
mnemonic  system  has  been  successfully  applied  and  bus  i^rved 
to  briuK  stimubis  and  reaction  to  a  fair  degree  of  co-ordination, 
lapses  of  attention  occur  during  which  the  "mind  is  a  blank." 
and  the  drum  records  abnormally  long  reactions.  Improve- 
menl  here  consists  in  kcepinK  iiltirntli)n  Ufwn  the  matter  in 
hand  so  constantly  that  the  irrelevant  stimuli  arc  nnnottccd. 

We  find,  therefore,  the  causes  of  the  trausferenee  of  facility 
to  be:  (a)  the  formation  of  a  habit  of  reacting  directly  to  a 
stimulus  witbout  useless  kinesthetic,  acoustic,  and  motor  ac- 
compaulmenlit  of  recognition,  which  results  in  (b)  an  equitable 
distribution  of  attention  to  the  various  possible  reactions  so  as 
to  be  about  equally  prepared  for  all ;  and  (c)  the  consequent 
povi'er  of  concentrating  the  attention  throughout  the  wholnl 
scries  without  distraction.  ' 


GUSTATORY  AUDITION  ;    A  HITHERTO  UNDB- 
SCRIBiiD  VARIETY  OF  SYN-ESTHESIA. 


By  AmTuux  R.  PitWCK,  Smith  College. 


During  tlie  Iir«lime  or  tliU  Jountat  there  bave  appeared  on 
its  pages  a  goodly  uninbcr  of  ca&cH  prcstnting  one  or  another 
of  the  variuuh  fortu»  of  3yit;e-'ithe5ia.  While  such  accounts  do 
not  yield  any  facts  of  profound  import  for  [Myclmlogy.  they 
do  yet  bave  tbeir  distinct  value  in  impressing  us  with  tbc 
myriadfold  divergencies  of  bnniNu  nature,  and  it  ia  just  for 
tbis  porposc  of  cootiibatiog  to  the  'vnrieties'  of  mental  ex- 
perience thxt  the  following  case  is  presented.  As  far  as  I  can 
ascertain,  its  peculiar  variety  \%  new  in  the  auuals  of  synscv 
tbesia.  Its  singularity  consists.  I  may  say  at  once,  in  the  ex- 
periencing of  gustatory  qualities  following  upon  the  bearing 
of  words  spoken  by  tbc  human  voice,  or  of  musical  and  other 
non -vocal  sounds. 

As  it  stands,  however,  the  statement  just  roitde  it*  by  no 
means  a  correct  description  of  the  case.  Perhaps  the  best  way 
of  putting  the  matter  would  be  to  say  that  the  word  'gusta- 
tory' must  here  be  taken  in  a  very  wide  sense  as  referring  to 
all  the  possible  experiences  that  the  sense  organs  of  the  month 
can  give.  To  speak  with  full  accuracy  one  mnitt  )>ay  that  a 
'mouth-experience'  of  one  sort  or  another  is  the  accompani- 
ment  of  certain  auditory  impression!!.  These  'mouth-experi- 
ences' include  (be  four  taste  qualities,  the  cutaneous  qualities 
of  pressure  and  temperature,  and  such  tactual-motor  qualities 
as  ^nd  their  expression  in  designations  of  texture,  consistency, 
and  the  like.  Now  it  is  only  because  we  bave  no  single  ad- 
jective by  which  we  commnnly  describe  this  variety  of  possible 
mouth -cxpcrieuccs  that  the  word  'gustatory'  is  here  used  with 
the  latitude  indicated.  Its  use  enables  us  to  avoid  an  uncouth 
terminology,  and  with  the  explanation  given  no  nliscuritles 
are  likely  to  arise.  One  further  fact  should  be  added.  Olfac- 
tory qualities  are  entirely  absent  from  the  .symesthesia.  and  we 
are  concerned,  therefore,  with  pure  'mouth-experienced'  with- 
out any  of  those  numerous  fusions  which  popularly  pass  for 
'tnsteit.' 

Hitherto  we  have  bad  descriptions,  plentiful  enough  along 
certain  lines,  of  colored  sounds,  odors,  tastes  and  temperatures, 
and  of  total  pain,  pressure,  and  temperature.     But  I  am  Dot 


343 


PIHRCE : 


■ware  that  we  possess  any  records  Kcounting  the  type  that  I 
have  just  iodicated. 


The  subject  of  the  case  in  question  is  a  young  woman,  now 
about  to  graduate  from  college,  who,  as  far  as  she  can  tell,  has 
always  had  these  experieuces,  the  fact  that  they  were  peculiar 
to  herself  first  coniiuK  to  notice  nbout  four  yeais  ago.  Since 
tbat  time  their  number  and  dcGaiteness  have  somei^hat  in- 
creased, owing  to  the  numerous  <|nettion9  put  to  her  by  her 
compiinions  as  to  the  'taste'  of  tbis  or  that  oame  or  word.  But 
though  the  experiences  have  increased  iu  number,  I  am  coo* 
vinced  (hat  Ihcy  have  not  lost  their  original  naive  character, 
as  the  facts  to  be  cited  will.  I  hope.  show.  The  case  has  been 
under  my  observatiuii  for  somewhat  i>ver  two  years. 

Two  sense  defects  of  the  subject  should  be  noted.  First, 
there  is  a  .slight  deafness,  or  slowues.4  of  hearing,  which 
liecumes  more  pronounced  nt  some  times  than  at  others. 
Secondly  the  subject  is  anosmic.  No  rigid  tests  have  ever 
been  made  to  determine  whether  the  sense  of  smell  Is  entirely 
wanting,  but  medical  examination  directed  to  the  sense  of 
hearing  revealed  a  thickened  mucous  membrane  of  diminished 
sensitiveness,  and  the  subject  herself  believes  that  her  anosmia 
is  complete.  CoSee  burning  upon  a  stove  is  not  noticed, 
though  she  may  be  close  by.  Camphor  placed  in  the  nostrils 
giveaoiUy  a  stinging  sensation.  Ammonia  can  be  siiiGTcd  with- 
out discomfort.  And,  as  with  all  anosmics.  foods  are  discrim* 
inated  on  the  basis  of  the  pure  taste  qualities,  or  by  the 
characters  of  texture,  aslringency,  and  so  on,  which  any  food- 
complex  may  posscKi.  These  sensory  defects  are  worth  noting 
for  their  po&sible  siguiScance  in  connection  with  the  theory  of 
this  si>ecial  case  of  syniesthesia. 

The  following  list  of  the  'gustatory'  cqait-alents  of  spoken 
words  was  iu  part  compiled  at  my  request  and  in  part  written 
down  by  myself  in  the  course  of  various  interviews  with  the 
subject.  In  ibe  latter  case  the  words  were  spoken  by  me.  aud 
almast  immediately  the  equivalent  wa.s  given  iu  concise,  dis- 
criminating terms.  Only  occasionally  was  there  some  hesita- 
tion and  a  groping  after  the  name  of  the  precise  food  which 
descriptively  satisfied  the  subjective  experience.  Because  of 
the  unusualness  of  the  case,  it  has  seemed  best  to  transcribe 
in  its  entirety  the  list  of  150  words  that  is  before  me  in  my 
notes.'  The  only  change  made  is  the  arrangement  of  the 
words  iu  their  alphabetical  order. 

'  Soaii;  (nrtber  e(iuiva1ciilB  may  be  (onad  in  Table  V, 
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Tablb  I. 
Gustatory  Equivalents  of  Words  Htard.    {English.') 


Ah! 

Albert, 

Alice, 

Alfred, 

amethjst. 

Amy, 

Anne  or  Annie, 

Aastrian, 

Arthnr, 

Bailey, 

beast, 

Belfast, 

Ben, 

Beojamia, 

Best, 

Blanc hard, 

box, 

boy. 

Browning, 

Bnddha, 

Csesar, 

Carrie, 

cause, 

CbarlcB, 

Clara, 

cox, 

crease, 

dice, 

discrete, 

distinct, 

Dolly, 

Dora, 

Dorothy, 

donbt, 

D  wight, 

eue. 


Edith, 

Edgar, 

Edna, 

Edward, 

Eleanor, 

Eliza, 

Elizabeth, 

Elale, 

BniDia, 

Enlalia, 

En  nice) 

Eve, 

Etbel, 

Evelyn, 


Something  soft. 

Not  definite. 

Spaniab  Cream,  with  sprinkling  of  sugar. 

Corn- bread  ia  milk. 

Bitterness. 

Ketchup  (especially  vivid). 

Apple  saace  stiff  with  sugar. 

White  frosting  on  cake. 

Small  particles  of  delicate  meat,  probably  lamb. 

Marshmallows. 

(see  'ease'). 

jnicy  beefsteak. 

Like  biting  something,  as  if  taking  celluloid  between 
the  teeth. 

Spice  cake  (dark). 

Crumbs  of  butter.     Cool. 

Dried  catnip. 

Nothing  definite. 

Gum  drops. 

Rather  rich.  Inclines  to  bitter.  Might  be  over -done 
Ringerbread. 

A  taste  of  its  own,  vivid  but  indescribable. 

Dry  meat. 

Onions  or  asparagus  cooked  in  milk. 

Hot,  soft  corn-bread. 

Battered  toast,  not  dried  through. 

Lobster  claws. 

Sensation  of  irritation  in  throat. 

Baked  sweet  potato  with  much  butter. 

Cool,  salty. 

Warm  new  cake. 

Preserved  pears. 

Molasses  candy,  moist,  fluid,  tsffy-like. 

Hash. 

'Velvet'  molasses  candy. 

Raw  apples. 

Beefsteak,  brown,  a  little  burnt.     Or,  spmce  gnm. 

Not  clear  at  first.  Then,  dry  meat,  when  spoken 
quickly  and  sharply.  If  spoken  more  alowly, 
softer,  pliable,  creaky,  like  puffed  rice. 

Potato  soup. 

Boiled  eggs,  with  suggestion  of  the  shell. 

Boiled  eggs. 

Soft  eggs. 

Chicken  'stuffing.' 

Piece  of  twine  in  mouth. 

Shreds  of  well-done  roast  beef. 

Corn- bread  in  milk. 

Fie  crust. 

Bo=olives.    laliB=cooked  frnit  or  jelly. 

Intensely  sour.  Draws  the  jaws  so  that  there  1*  de- 
cided pain. 

Meat  of  nuts. 

Sensation  of  putting  thimble  on  tip  of  tongne. 

Preah  catnip. 
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fancy, 
fast, 
feast, 
FillebrowQ, 

Florence, 

found, 

Francis, 

French, 

George, 

Gladys, 

gria, 

Hall, 

Hanaah, 

Harriet, 

Harris, 

Harry, 

Hawtbome, 

Helen, 

Helene, 

be, 

Henry, 

Hi! 

hope, 

ice, 

idle, 

Inez, 

intelligence, 

interest, 

Irving, 

Italy, 

James, 

Jessie, 

John, 

Jostphine, 

Joy    I 

Joyce  J 

Judith, 

Katherine, 

Kilty. 

Ijena, 

Li.la, 

light, 


Cold  Boston  Baked  Seans. 

{see  'Belfast'). 

(see  'ease' ). 

A  aerial  experience.  Water,  then,  quickly,  ginger- 
bread. 

Maple  sugar. 

Lamb. 

Baked  Beans. 

Charlotte  Rnsae. 

SomctbinK  thick,  like  ft  chart:oal  tablet. 

'Velvet'  molasses  candy- 
French  toast,  or  fried  bread. 

Like  rubber  end  of  pencil  pressed  i^ainat  tip  of 
tongue. 

Dry,  nnt.like. 

Cooked  cherries,  inclined  to  bitteroess. 

Nothing. 

Nothing  definite. 

Agreeable,  little  sweet,  little  bitter,  smooth,  elnsJTc. 

BIbdc  mange. 

Raw  oat  meal. 

Dry  meat.  ' 

Celery. 

Something  cold. 

Celery. 

Lite  itself. 

Thin,  salty  broth  (lamb?). 

Boiled  cabbage  (01*  greens)  with  vinegar. 

Raw  sliced  tomato. 

Stewed  tomato. 

Rich  sort  of  word.  Cottage  pudding  with  thick, 
sweet  sauce. 

Very  small  white  pickled  onions. 

Dry,  brittle. 

Cool,  rouud  rolling  pieces,  possibly  nuts. 

Crust  of  soft,  moist  gingerbread. 

Oranges, 

Rich  cream  candy. 

Shreds  of  very  salt  boiled  ham. 

Tea  grouiiils.  or  spices. 

Soft  inside  part  o(  a  baked  apple. 

(see  'Heleiie'J. 

Mutton  tallow. 

Soft   juicy   lobe   of  a   grape,  when    spoken   quickly. 
Chicken  gravy,  when  spoken  slowly. 
Lillian(=Lilly), Sweet  apple  jelly. 
Lola,  Stewed  prunes, 

loud,  Boiled  new  potato. 

Louise,  Bananas. 

Luke.  Not  ileiinite. 

Lulu,  Floating  islands. 

Mabelle,  Maple  sugar. 

Margaret,  Lima  beans. 

Maria,  Dry  browned  part  of  custard. 

Marion,  Meat  of  walnuts. 

Marjorie,  Rich  cream  candy. 

marry,  Raisins. 

Mary,  Stewed  blackberries. 
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Msitd, 

Yotk  of  CKKB  in  SAlad. 

men, 

Hash. 

Miriam, 

Cool,  pleasant. 

moccuin, 

Chicken. 

Molly, 

Sweet  cuBtard. 

Nancy, 

(see  'fancy'). 

Newcomb, 

Ginger  cookies. 
Cold  campbor-ice. 

noise, 

Obi 

Sweet. 

Oo! 

The  dip  of  milk  toast. 

OI, 

Nothing  definite. 

parlor. 

Hone^  on  bread.     (Especially  vivid.) 

Patrick, 

Nothing  definite. 

Phcebe, 

Small  pieces.     Walnnts  broken  np. 
Crisp,  fatty  part  of  fried  bacon. 

Pierce, 

Polly, 

(see  'Molly'), 

Rachel, 

Ginger  cookies. 

Ralph, 

Moist,  cool.    Raw cncnmbera.    (Vivid.) 

rejoice, \ 
Royce,  / 

Rich  cream  candy. 

rice. 

Like  itself. 

Rosalie, 

Sweet,  spicy,  as  if  fnmes  were  passing  np 

the  nostrils. 

throngb 

Rosamond, 

Almonds. 

Ruth, 

White  grapes. 

Sampson, 

Potato  salad.    (Vivid.) 

Sarah, 

Cold  metal  between  the  lips. 

Savage, 

Raw  apples. 

Scott, 

Skin  of  a  baked  apple. 

Silas, 

'Si'  is  indefinite,    'las'  it  candj'. 

Stella, 

Celery. 

story, 

Stewed  cranberries. 

Susan, 

Milk  toast. 

Tabby, 

Bananas. 

Tappan, 

Nothing. 

town. 

Tongue. 

toi. 

(see  'cox'). 
(see  'Jessie'). 

tress, 

Union. 

Olives. 

H 

Uriah. 

(see  'Maria'). 

Vivian, 

Moistened  bread. 

who, 

Thick,  salty  ct«am. 

William, 

Cool,  clear  water. 

womeD, 

Hash. 

Zechariah, 

'Zech'  is  something  bard. 

Zedadiah, 

'diah'  is  something  stiff,  then  yielding. 

It  should  be  clearly  uoderstood  that  the  equivalents  above 
given  are  meant  in  each  instance  to  refer  to  the  fact  that  the 
subject  feels  as  if  she  were  actually  having  in  the  mouth  the 
described  substance  or  some  substance  possessing  the  quality 
iudicated. 

An  examination  of  the  list  will  reveal  the  fact  that  all  the 
possible  qualities  of  gustatory,  cutaneous,  and  tactaal-motor 
experiences  are  represented.  Very  rarely,  if  ever,  are  the  ex- 
periences confined  to  isolated  qualities.     Rather  they  are  com- 
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plex,  often  highly  so,  but  no  more  complex  than  the  real 
cxix:ricnce»  wouM  he,  A  few  words  arc  gathered  together 
here,  ID  order  to  show  clearly  the  presence  of  the  several  dif- 
ferent qualities. 

Tasue  n. 

ffffireunlalitfe  toffrdi  yieldiKg  the  variout  icmse  qucIitUs. 
Sweet:  Dolly,  Imng,  joy,  poilor. 
8&ur:  Kunicc,  Ion,  luly,  Joacpbin*, 
3«ll:  idle.  Judith. 

Bitter:  ameih^rit,  Browtiitig,  Harriet. 
Cold:  iioiM,  Samli,  Williaui, 
Hot;  cauM,  discrete. 
PreMnre:  Ethel.  Hall. 
P»ln:  KuniM. 
Tactual-motor:  Ben,  Bess,  Clara,  Kitty,  John,  Phwbe. 

The  color  characterizations,  as.  for  example,  in  the  equiva- 
lents of  Austtian,  Benjamiu,  Dwight,  Italy,  and  Ruth,  are 
inserted  solely  for  the  puri>0M  of  more  exactly  descrihing  the 
object  referred  to.  They  must  not  be  taken  to  indicate  the 
presc:ice  of  subjective  photiams  accompanying  the  other  ex- 
perience. 

These  syn<csthesia3  are  often  experienced  in  the  ordinary 
coarse  of  listening  lo  conversations,  lectures,  etc.  Short  sen- 
tences do  not  behave  as  units  in  producing  'tastes,'  but  some- 
times the  compound  words  will  be  cflective,  catising  the 
appTopnatc  'tastes'  to  appear  serially.  Similarly,  long  words 
ficqueiitly  behave  in  this  fashion,  parts  ol  a  word  evoking 
quite  distinct  and  separ.ite  'tastes.' 

The  speed  with  which  a  word  is  pronounced  is  sometimes  an 
imporlnnt  condition.  Thus  the  word  lighl  protiouncctl  quickly, 
with  little  accentuation  on  the  vowel,  equals  "the  soft,  juicy 
Iot>c  of  a  grape;"  pronounced  slowly,  with  vowel  prolonged, 
it  equals  "chicken  gravy."  And  triur  gives  "dry  meat"  when 
spoken  quickly  and  sharply;  while,  if  spoken  more  slowly,  Jta 
equivalent  is  "something  softer,  pliable,  creaky,  like  puflkd 
rice."  It  follows  from  this  that  the  same  word  has  diScrcot 
'ta.ste3'  when  spoken  by  diSerent  individuals.  There  is  no 
evidence,  however,  that  iu  general  vowels  are  the  more  influ- 
ential parts  of  words. 

The  direction  of  the  experience  is  always  from  sound  to 
'taste,'  the  reverse  being  possible  only  as  the  conucctions  arc 
remembered. 

When  requeiited  to  state  the  gustator>-  equivalent  of  a  word, 
the  subject  will  frequently  pronounce  the  word  to  herself  before 
making  reply.  Enquiry  as  to  the  purpose  of  this  elicited  the 
fact  that  such  pronunciation  serves  often  to  reinforce  the  audi- 
tory excitatiou  and  thus  make  the  gustatory  qualities  more 
vivid  and  more  readily  describable. 
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The  best  conditiott  for  the  appearance  of  the  synaesthesia 
seems  to  be  a  state  of  natural  huUKer.  Tlius  a  uoon  lecture 
.-iroiiseH  (lUtrnclinj:  and.  since  liie  'taslcs'  are  in  no  way  saiia- 
fying.  cxtictncly  tanlaliziug  cxpcricuces,  as  does  also  table 
conversation  before  the  subject  lieiself  is  served  wttti  food. 
When  faint  or  JBde<l.  the  s>'iiEcsthesia  is  less  pronounced.  The 
presence  of  food  in  the  mouth  docs  not  interfere  with  the  vivid- 
ness of  the  experience. 

II. 

With  the  exception  of  knowing  that  high  piano  notes  gave 
a  banana  flavor,  the  subject  was  not  aware  that  any  sounds 
other  than  proper  names  and  Enftlish  words  were  involved  in 
her  synaisthcsia  until  special  te^ts  were  made.  The  following 
Tables  present  the  results  of  these  tests,  in  which  non.seuse 
syllables,  foreign  words,  and  non-vocal  sounds  were  used. 
Tbesc  l^bles  are  self-explanatory  and  need  no  special  com- 
ment 

Taxi.x  III. 
FHrtkft  Guilaiory  Eqmioaiemts  0/  Vocal  Sounds. 


HCDtenac  BjrIUtitei.' 

blk. 

bod, 

4ep, 

dob, 

RVt. 

ne«, 

lof. 

nW, 

•at. 

to(. 

Si, 

lUlUa  Words. 

CRD  to. 

»iW. 
DO»lra, 
canmln, 
del. 


meito, 

PTCOcb  WMds. 

doat, 

ezemple, 

ane. 


SomelhiuK  Mid  ■ad  tirJttlc. 

Somethfiif;  sour  vrlih  the  texture  of  a  pickle. 

Mot,  roiut  beef,  well  done. 

8ooi«i)iiii(;  tulx.  Htiiooth  Itkf  lilk. 

Sweet,  lik«  »plce  cake,  crumby,  dry. 

Small  particle*,  minced  meal. 

I,f»er. 

Soiui^tliing  with  the  teitute  o(  cooked  pean. 

Mutton  fat. 

SoBictbinii!  (,we«t.    (Al  bnck  of  mootb,  on  palate.) 

5enletlltl)^■  Htlff,  *bou(  like  Giubani  cincken. 

White  i>art  of  rgs  beaten  sliS.     (Texture  vivid.) 

MeAl  llavor,  Mitty,  faard,  probably  coraed  tieef. 

Sonicthiiig  damp  and  aoltd. 

Sweet,  stiff,  bard,  •plintcry  eaady. 

Some t bill);  cmuchy  «□<!  sour. 

Something  soft  and  agreeable. 

SomctbinK  Miff  nnd  hard  with  caramel  flavor. 

Sometblug  «OTCt,  pleasaul,  cool,  cleat,  delicate, 

like  milk  that  has  Ikcd  ponred  otci  a  baked 

apple. 
Olive  M. 

SometbloK  avcet,  dry  attd  roBKli. 
Soinetblag  witb  the  leKime  of  felt. 
Something  aonr  aud  juicy. 


'  The  loUowJng  yielded  nothing  whateTer ;  biv.  dlk,  hed,  lat,  lim. 
mup,  aaz,  tem,  tez,  tri,  rip,  wal,  wnt.  yen,  jol,  yui. 
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aMcnoe, 

Gcmun  Woldl. 

fGe- 

\  rtaltea, 

achwaakende, 

wicder, 

f«eigt, 
Blick, 

(tru- 

Ibeo, 

dem, 

einat. 

iich, 

friib, 

die, 

zn, 

feat, 

dies, 

mal, 

watal, 

IVer- 

\  sneh. 


Cnstard-llke,  salt^,  *n  omelet. 
Dry    fragments    or    cryatals    of 
lumps  of  camphor. 


•omethin^,    like 


Gam. 

Sometbiag  ricli  and  aweet. 

The  Glliag  of  sqnash  pie,  soft  and  sweet. 

Something  stlfi,  with  qaality  of  pop^cora,  mildlj 
sonr. 

Something  soft,  not  very  pleasant. 

Something  atifF,  dry  aad  tasteless,  like  raw  maca- 
roni. 

Something  sweet  and  delicate. 

Something  brittle  between  the  teeth. 

Cooked  cocoa nnt. 

Something  a  little  salty. 

Soft  shreds  of  meat,  moist  and  oily, 

A  clear  sweet  jnice. 

Something  stiuging  and  fizEj. 

Gtavy. 

Somethitig  aweet. 

(Like  English  'ease'  and  'beast'). 

Melteii  butter. 

Something  rich,  overrich. 

Cooked  apple,  as  in  pie,  drier  than  in  baked  apple. 

Gravy. 

Table  IV. 
Guilalory  Equivalents  of  Non-vocal  Sounds. 

TmiicnK  HQilcal 
liutTUTncDta. 

A  D  tin  whistle,  A  clear  sweet  Savor,  like  Christmas  candy  or  sagar 
and  water.  The  higher  the  note,  the  less  pro- 
nounced the  sweet. 

A  C  mouth  organ.  Sweet  and  peppery  at  the  lowest  notes.  The 
sweet  increaKCS  for  one-third  of  the  upward 
range  anil  then  diminishes.  The  peppery  fla- 
vor rapidly  decreases  and  vanishes  one-third 
of  the  way  up. 


Tuning  forks, 

356  vibrations, 
512-1014     " 


As  if  warm  air  were  resting  upon  the  tongue. 

Warm,  and  clear  aweet ;  the  former  ceasing  at  the 
fourth  note  and  the  latter  Blesdily  diminishing. 
Piano, 
A,-E,, 
E,-F, 
F  -g, 
g  —  c*, 
c*  — c', 
Violin, 

Lowest  three  notes.  Troche  flavor. 

Prom  there  up.         Grows  sweeter,  loses  strength,  becomes  clear,  deli- 
cate and  sweet  in  flavor. 
(Several  other  less  important  instruments  gave  results  more  or  leaa 
sitniiar.) 

'  The  italicized  portions  of  words  contributed  nothing  to  the  'tastes' 
experienced. 


Like  toast  soaked  in  hot  water. 

Sweet,  rather  strong  (like  licorice) — a  troche. 

Mild,  gravy-like. 

Banana  (smooth,  slippery). 

Thill,  insipid. 
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Noistt.  Several  dull,  flat  aoUes  evoked  nothing.  The  mbbinn  of 
A  null  oil  a  lilc  evoked  au  cxpcrtccr«  o(  icmpcintiitc  In  the  inonth, 
thi*  bciDg  hM  or  cold  ■«C(rrdiu|;  to  tbe  ktnd  or  drgr«e  of  Krapiug. 

III. 

But  what  evidence  have  we  that  tm  actual  cose  of  synscs- 
thesis  is  here  being  reported,  aad  not  a  case  of  artificial  asso- 
ciation due  to  n  lively  drainaltc  fancy  ?  This  is  a  point  that 
must  be  raided,  for  it  is  very  easy  to  cntcrtaia  a  suspicion  that 
tlie.se  plienomena  are  e.<i<)entially  UDf;enuJne.  Now,  of  course, 
in  matters  of  this  kind  general  impressions  and  personal 
knowledge  of  the  subject  count  heavily.  And  on  both  these 
grounds  I  ha\-«  no  hesitation  in  asserting  my  conviction  that 
the  above-cited  equivalents  arc  the  expression  of  a  gennine 
syux.4thesia.  But  since  such  personal  impres-sions  are  some- 
times unliktly  tu  carry  conviction  to  others,  there  arc,  fortu- 
nately, several  coiisideTationH  of  a  le&s  personal  nature  which 
cat)  be  brought  forward.  The  following  fact»  are  more  com- 
patible with  the  theory  of  synasthcsia  than  with  that  of  mere 
sugKeslcd  imagery,  (i)  The  .subject  herself,  an  accurate, 
carefnl  and  discriminaling  [lerMin,  tcKlifiei  that  the  'guittntory' 
pan  of  the  experieucc  comes  quite  unsolicited.  It  is  founti, 
not  manufactured.  This,  it  is  affiiiued,  is  unquestionably  true 
now  and  as  far  as  can  be  recalled  it  has  always  been  so.  In 
snpport  of  this  account  of  the  matter  the  following  instance  is 
given  as  illustrative.  The  subject,  while  at  work  in  the 
library,  finds  herself  tasting  roast  beef.  Casting  about  for  the 
auditor^-  cause,  she  hears  the  murmur  of  men's  deep  voices 
coming  from  an  adjacent  alcove,  (a)  The  food-equivalent  of 
the  'gustatory'  qualities  experienced  mu.st  often  he  sought  for 
with  some  diligence  before  an  adequate  dcircriplion  of  the 
matter  can  be  given  to  the  questioner.  That  is,  the  experience 
and  the  naming  of  it  in  terms  of  a  given  food  are  quite  distinct 
aSairs.  This  search  was  repeatedly  evident  in  the  course  of 
obtaining  the  »everal  lists,  and  occasionally,  iu  fact,  only  the 
qualities  themselves  were  given.  Added  to  this  is  the  fact 
that,  as  the  subject  reports,  "fome  words  produce  a  'taste' 
which  I  «cm  never  to  nave  experienced  before  either  in  the 
pronouncing  of  words  or  in  eating.  Thus  the  equivalent  of 
Buddha  (the  only  specific  instance  recalled  by  the  subject)  is 
said  to  be  "vivid  but  indescribable,"  suggesting  olives,  but 
not  to  be  designated  accurately  by  any  known  food.  These 
facut  are  to  the  subject  herself  most  strongly  confirmatory  of 
the  correctness  of  her  introspective  analysis.  (3)  Many  of  the 
experieuces  are  given  quite  definite  locations  in  the  montb. 
Thus  the  equivalents  of  EtM  and  fiall  (tactual)  are  felt  at 
the  tip  of  the  tongue;  of  fox  (irritation)  at  the  back  of  the 
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throat;  of fiidilh  (salt)  ttt  the  sides  of  th«tODgue;  of  Sarah 
(cold)  on  the  lips;  of  amelhytl  (bitter)  "at  the  back  of  the 
mouth,  on  the  roof,  where  the  root  of  the  loiigtie  seems  to  bit 
it :"  of  //>'  (cold)  at  the  rear  of  the  longuc ;  of  Miriam  (cool) 
on  the  anterior  surface  of  the  tongue;  of  due  (cool  and  ssJt) 
along  the  edges  of  the  tongue ;  of  Ftorentt  (sweet)  over  the 
tongue  as  a  whole;  of  Harriet  (bitter)  across  the  rear  of  the 
tongue.  As  to  the  acid  equivalent  of  a  word,  the  subject  says 
the  effect  is  sometimes  to  "draw  the  jaws  together."  Tbe 
sour  is  located  along  tbe  edges  and  at  the  sides  of  the  tongue. 
(4)  When  in  doubt,  the  .subject  has  a  way  of  slightly  prcssiug 
the  checks  inwards  with  the  fingers  until  the  satisfactory 
equivalent  comes.  This  points  to  the  sensory  rather  than  to 
the  imaginary  character  of  the  phenomenon.  (5)  The  erratic 
natuie  of  the  matter,  many  words  and  sounds  evoking  uo 
•tastes'  whatever,  is  precisely  lilce  that  of  the  well  known 
syntesthcsias.  (6)  The  subject  testifies  that  the  cxpcrieace 
has  a  character  intennediate  between  the  reality  of  sensation 
and  the  unreality  of  fancy,  imagined  tastes  seeming  to  be  "in 
the  head"  rather  than  in  the  mouth.  And  (7)  the  eqnivaleuta 
posKc^  a  constancy  which  wotild  hardly  l>e  possible  apart  from 
a  true  synacslhesia.  After  an  interval  of  six  months  a  number 
of  words  were  given  at  random  from  tbe  original  list,  with  the 
result  that  tbe  idenlical  equivalents  were  described  in  almost 
precisely  the  jknme  language, 

IV. 

In  the  hope  of  getting  some  ba.sls  for  a  theory  of  this  C8*e 
an  examination  of  the  data  was  next  made  with  a  view  lo  as- 
certniiiing  whether  similarities  of  sound  are  connected  with 
lilce  'gustatory'  complexe.t.  I  may  say  at  once  that  no  great 
success  attended  this  examination,  (a)  As  a  pietiminary  ex- 
periment I  chiiK  Certain  monosyllables,  as  given  In  the  list 
below,  representative  of  labial,  dental,  and  other  word  elements, 
and  pronounced  them  as  distinctly  as  possible  to  the  subject. 
The  variety  of  'gustatory'  qualities  given  under  each  class 
shows  that  ariiatlalory  similarity  is  not  patalieled  by  ' gttstatfry' 
similarity.  This  negative  result  is  not.  however,  without 
value,  since  it  may  be  taken  to  be  confirmatory  of  the  fact  that 
the  true  excitement  of  the  'gustatory'  qualities  is  auditory  and 
not  articulatory  in  character. 

Tablx  v. 
E^mivaUnti  of  Wordi  Similar  in  Articflal'^ry  Character. 

Bab«.  Bituive.  cool. 

Pipe,  Cool. 

(LabUI)     Uain,  Qutt«Mtty.  FumeapA«»  throaghtheaoM. 
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(lAblal)    Valre,  Soft.     Mclti^d  molB*s»  candj. 

I'ilc,  Cool,  ilislitlj  *oat. 

Did,  Slewed  toQwto. 

Ceaie^MSi^eise,  (SevTatile  I). 
(Dental)    Thin,  Not  definite. 


Teot-contcnl, 
Cbnrcli, 


SiBK. 


Cool. 


(KkmI) 


Ndu. 


(I,fng«l)  ';"''■ 


Sits,  •harp,  caodj. 
Meat,  soft,  lamb. 
Like  iuelf.  hot  niB  cake. 
NotbinjE. 

Gingerbread,  apicj.  wann. 
StroiiK.   Dry  baked  bean*,  k  la  New  York. 
Trttie  aour. 
Far.  Ueai,  be«fiteak.  not  very  juicy. 

(b)  The  auditory  similarities  yielded,  upon  examiafttion.  a 
tew  fairly  well  mark<.-il  correlations,  but  not  a  sufficient  Dumber 
to  be  at  all  satisfactory.  Occasionally  a  prominent  vowel 
sound  seems  to  be  effective  in  various  settings.  Thus  Oof, 
who,  and  Susan  alt  suggest  the  eating  of  milk-toast ;  he.  ease, 
and  Casar,  dry  meat ;  William,  and  the  first  two  .syllables  of 
FiiUtrown,  water ;  Edna,  Edgar,  and  Edward,  boiled  cggB : 
BeiS,  Treu,  /eisie,  small  pieces  of  something  {Phabe,  however, 
does  the  same);  Jo^,  Joyce,  rejoiet.  Hoyee.  and  Marjorie,  rich 
cream  candy  (though  boy  'tastes'  like  gum-drops).  On  th« 
other  hand  Dolly  does  not  wholly  agree  with  Polly  and  AfoUy; 
and  //iV,  dice.fift.  idle.  Inez,  and  pipe,  though  suggesting  cold 
more  than  any  other  quality,  are  connected  irregularly  with 
both  salt  and  sour.  Still  more  distracting  is  it  to  find  that 
identical  'tastes'  arc  joined  to  very  diverse  sounds.  Thus  one 
'gustatory'  equivalent  does  dniy  for  all  members  of  each  of  the 
following  groups:  Henry,  Hope,  Sltlh;  Dora.  men.  women; 
Alfred.  Ettie  (though  Albert  is  indefinite);  Nemeamb.  Rachel: 
FioreHce,  Mabelle;  Dorothy.  Gladys;  Louise,  Tabby.  From  a 
careful  examination  of  the  entire  list  from  which  the  above  ex> 
nniples  are  taken  I  am  convinced  that  it  i.s  idle  to  .teek  any 
rigid  uniformity  of  connection  between  gi%'cn  auditory  qualities 
and  their  gustatory'  equivalents.  And,  indeed,  perhaps  the 
very  complexity  of  Iwih  items  of  the  cxjxrriencc  would  render 
this  search  fruitless,  even  if  definite  correlations  existed. 

V. 

la  attempting  to  decide  whether  the  above-cited  experiences 
are  to  be  explained  by  the  physiological  or  by  the  psycho- 
logical theory,  we  are,  apparently,  in  no  better  and  in  no  worse 
case  than  in  respect  to  all  varieties  of  synsesthesia.  No  de- 
cisive facljt  are  at  lianil,  In  thi^  regard  and  in  all  essential 
respects,  the  phenomena  here  arc  typical,  as  any  one  acquainted 
with  the  literature  of  syuxsthesia  must  have  recoguized.  To 
conjecture   that   the  subject's  sensory  defects — deafness  and 
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anostnis— sre  directl;r  or  indirectly  responsible  for  this  special 
case,  these  being  perhaps  indications  of  a  more  or  less  extea* 
sive  cross-circuiting  of  cortical  currents  in  the  regions  cod- 
cerned,  is,  after  all.  to  indulge  in  mere  speculation.  It  is, 
howe\-er,  alltiring  to  think  that  the  slowness  of  bearing  i-s  due 
to  the  deflection  of  neural  tensions  from  the  appropriate  audi- 
tOT>'  centres  of  the  cortex  into  those  regions  that  subserve  tlie 
sense  impressions  of  the  month.  This  conjecture  woutil  he 
substantiated  in  a  measure  if  it  oould  be  found  that  a  decrease 
of  auditory  acuteness  is  accompanied  by  an  iucreax:  in  the 
number  and  vividness  of  the  syna'sthetic  experiences.  For 
upwards  of  a  year  the  subject  has  had  this  particular  problem 
before  her.  and  although  an  increased  vividness  of  the  'gusta- 
tory' phenomena  does  sometimes  accompany  the  diminished 
acutenessof  bearing,  she  in  not  willing  to  assert  that  this  is 
not  due  to  a  more  careful  directing  of  the  attention  upon  these 
phenomena.  As  the  matter  stands,  therefore,  this  particular 
conjecture  must  l>e  looked  upon  at  present  ss  lacking  the  de> 
sired  support.  Nevertheless,  one  who  inclines,  as  does  the 
present  writer,  to  the  phy.Mological  as  contrasted  with  the  psy> 
cbological  explanation  of  sjna^sthesias  in  general  mav  fiud 
good  e\'idence  for  the  former,  it  seems  to  me,  in  the  facts  above 
cited  concerning  the  conslancj-  of  the  gustatory  equivalents  ; 
the  dependency  of  the  experience  upon  individual  fashioDsof 
pronunciation ;  the  repeated  difficulties  in  putting  the  experi- 
ence, it-self  perfectly  definite  and  vivid,  into  words  which 
adequately  itescrihc  it;  and.  lastly,  the  fiequency  with  which 
the  'tastes'  can  be  given  precise  localizations  within  the  mouth. 
Still,  here  no  less  than  iu  all  known  cases  of  synsestbesis,  we 
can  only  regret  that  our  theory  is  so  tame  while  our  facts  are 
so  secure. 
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The  following  account  is  a  statistical  study  of  some  of  the 
experiences  that  are  met  along  the  highway  toward  intellectual 
maturity.  The  studies  of  Leab&'.  Starbuck*.  and  Coe*.  have 
thrown  much  light  on  the  various  ways  in  which  the  religious 
life  develops,  but  less  has  been  done  for  the  corresponding  as- 
pects of  the  intellectual  life.  Bumkam.'  has  pnblUhed  souie 
data  on  the  place  of  doubt  in  intellectual  and  religious  develop* 
mcnt.  and  Starbuck  more  or  less  incidentally  gathered  some 
data  on  what  he  called  the  period  of  reconstruction.'  His  re- 
turns showed  that  some  people  experience  subjective  transfor- 
mations of  varyiug  degrees  of  intensity  quite  apart  from  specilic 
religiou.t  development.  Such  people  are  at  times  keenly  con- 
scious of  experiencing  far-reaching  changes  or  enlargements  in 
their  intellectual  points  of  view.  It  is  with  these  transforma- 
tions, their  causes,  their  presence  or  absence,  and  the  compara- 
tive fre<juency  of  various  types  that  this  study  is  concerned. 

The  study  is  based  on  returns  obtained  by  means  of  the  fol- 
lowiug  questionnaire,  supplemeuted  by  correspondence  ami  per- 
sonal ioter\'iews.  Three  hundred  twenty-seven  answers  to  the 
questionnaire  were  received,  but  of  these  only  2S2  were  used  in 
prcjuring  this  pa;>er.  The  purpose  in  rejecting  the  others  was 
to  avoid  the  iaJlacy  of  selection.  The  382  came  from  groups  id 
which  very  nearly  all  auswered. 

QlTESTIONXAIRK. 

fi^ad  AU  the  Queitiom  Bt/ore  AMtwerimg  Any. 

PInm  answer  by  placing  "jca"  or  "Bo"b«(ofc  lb«  qncation  or  alaU- 
meot. 

Mark  the  ilcgree  o(  certitude  of  all  yonr  answer*.  II  yoa  are  aura 
of  your  Mti'wcr,  mark  It  A.  If  lAlrly  sure,  mark  It  B.  If  in  mocb 
doubt.  iDDtk  U  C.    If  it  is  only  a  mudDm  guen.  muk  it  D. 

'A  SluJy  In  tbe  Psyehologr  of  Reiluions  Pheiiomena,  Amerimn 
fournal 0/ Fsy^oiogy,  Vol.  vil,  p.  J09  I. 

*Tkf  f^thclogf  of  Rtligion,  London  and  New  York.  1899.  At»o 
Ammian  Journal  0/ Piftholoey,  Vol*.  VIII  ami  IX. 

^Th* Spirilaai  Lt/e,  New  York,  1900.  Alto  Piyckoiogi(al  Review, 
Vol.  VI.  p.  484  f. 

'The  Stody  of  Adoleaceuce,  Pedagogifal  Seminary,  Vol.  I,  p.  173  (. 

*C;>AfiV.,  chapter  XXII. 
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Tlie  data  obulaecl  by  meaaa  of  tbi*  queatlonDaiic  ar«  to  b«  itaed  for 
■cieutific  ptirpottcf  aiid  ate  strictly  con&dential. 

I.  CODBiiler  the  hutory  of  your  meatal  (Intellectual  aod  tDoral)  d«- 
Telotisicnt.     Whicli  of  the  foltowlas  has  it  been  ino»t  like? 

(II)  I.  My  mental  dcTclnpinciit  bo*  been  on  the  whole  Kradnal, 
but  MTetal  iQcidrnidu  my  tilt  bavf  giv«n  It  noticeable  inipcina,  wilb- 
ont.  however,  introduciDg  any  |!ieat  changea. 

(V)  3.  In  my  mental  derclopmcut  1  experienced  one  pronounced 
awakeiiliiK  or  Iranaliloii  Ibat  gave  me  a  point  o(  view  and  niilficd  my 
conception  of  things,  bat  otherwiH!  my  mental  deirflopuienl  has  been 
gnuloal. 

(I)  J.  My  mental  development  hna  been  gradual,  ao  that  toy  U- 
Icntion  lia*  never  been  atlrMted  by  aubiective  changes  or  trausitioBa. 

<IV)  4-  In  my  mental  development  I  have  espericcccd  one  pto- 
Donnced  awakcnint!  or  traiitformatlon  Ibat  tcare  tne  a  point  of  view 
and  nniStd  my  couci-plion  of  things.  Since  then,  and  to  tome  eztctit 
before,  I  have  bccu  coiuctonaof  a  number  of  (mailer  transitUnu  which 
gave  me  new  potnli  of  view  an<l  dteper  inaijjbt. 

(III)  S.  In  my  mental  development  t  have  experienced  a  anall 
number  (say  3-io).  well  marked  traovitiona.  I  have  felt  at  irTCyalar 
iDtenali  that  I  had  gained  new  and  Important  point!  of  view. 

II.  If.  in  yonr  lucnlat  development,  you  have  experienced  a  notic«> 
able  or  pronounced  traaiitiou: 

1.     Whnt  wa*  your  axe  when  it  occortcd? 
a.     How  ton^  did  it  last? 

3.  Wa«  it  preceded  or  accompanied  bjr  donbt?    By  depression? 

4.  Waail  preceded  or  accompatiled  by  a  calm  state  of  mind? 
87  elation? 

;.     In  the  traniilion.  did  yon  feel  oecure  and  that  yonr  mental 
totlBdatlans  were  becoming  firmer? 

6.  In  the  transition,  did  you  feel  that  old  foundations  were 
crnrablinK  and  that  you  were  'at  sea'? 

7.  Was  the  trauH  it  ion  followed  by  donbt?     BydeprMslonf 
Was  the  transition  followed  by  a  calm  state  of  mind?    Bj 


Was  ilie  lrsn*lllon  followed  by  a  rejectloa  of  former  beltef*^ 
Waa  the  transition  followed  by  a  readjastment  of  foitncr  be- 


». 
elation? 

9- 
10. 

liefs? 

II.    Wat  ibe  trsiifiitlou  followed  by  conaciously  holding  cob- 
trsdlctorr  positions  in  science,  religton,  etc.? 

lit.  By  which  of  the  following  wa>  this  transition  in  your  mental 
development  most  Influenced  ?  Mark  wllh  au  X  thcone  of  the  follow- 
ing that  influenced  you  most:  with  a  V  the  next;  with  a  Z  the  uexti 

1.     The  reading  of  any  particular  book  or  books.     (If  so,  |[ive 


aaise.} 
a, 
3- 
4 


I: 


The  study  of  sny  psrticnlsr  subjecl.     <I(so,  name  It.) 

The  influence  of  a  person.    (If  so,  ateachcr,  pastor  or  who?) 

Entering  college. 

lolDlng  the  cborch. 

The  death  of  a  relattec. 


IV. 

I.    Were  yon  In  childhood,  before  the  age  ot  twelve,  tanght  »• 
llgtoua  belief*  ordogma*?    If  so,  Damcchurch. 

7.    Did  you  receive  little  or  no  dogmatic  religious  instruction 
in  childhood? 

3.     Have  yon  czperieiiced  religious  converalon?    Al  what  age 
V.     What  was  your  occupation  or  schooling: 
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I.  Between  lo  kwl  ij?  «.  Beiweeu  and  ? 

a.  "       13    "      ?  6.          "  "  ? 

3.  ■'              "      ?  7.          ■'  "  ? 

4-  ..              ..      ?  J.          ..  ..  J 

(Pill  out  Ibe  blonka  to  anit  jonr  cam,  briiiglsg  it  down  to  tbe 
pretcnt.) 
VI. 

I.    Wfaat  is  yoar  sex? 

3.    Wbat  i*  yoar  preAcot  occupation? 

Date Name 


(II  riEalnK  wonlil  keep  rati  from  aaiwertne  tnskly.  ddtiMelra.) 

The  returns  that  were  used  fall  iuto  two  maiu  groups,  based 
OD  the  impietllnte  occupation  in  which  those  aoswerini;  were 
engaged,  and  on  the  manner  in  which  the  returns  were  ob- 
tained. Those  in  one  group  were  graduate  students  when  they 
answered,  and  those  in  the  other  were  teachers.  I  shall  dcslg* 
nate  these  groups  respectively  'Gradoale  Students'  (G.  S.)  and 
'Teachers'  (T). 

The  G.  S.  group  comprises  170  returns  in  all.  Eight  of 
tbe.se  were  obtained  through  the  kind  co-operation  of  Professor 
W.  C.  Gore  of  the  University  of  Chicago.  17  came  from  a  sec- 
tion of  the  senior  class  in  Teachers  College,  and  tbe  remaining 
145  came  from  gra<lK«ie  students  in  Columbia  Univer>ity, 
mostly  students  in  Teachers  College.  These  were  neatly  all 
obtained  during  class  time.  Witb  but  one  exception,  returns 
were  thus  received  from  all  to  whom  tbe  questionnaire  was  sub- 
mitted. 

The  returus  fiom  the  group  designated  'Tnichen'  came  in 
tbe  main  from  high  school,  normal  school,  and  college  teachers, 
and  numlwr  113  return.-<.  Koiitteen  of  these  came  from  the 
Winona.  Minn.,  High  School,  having  been  hindiy  obtained  for 
ne  by  Prln.  W.  A.  Bartlelt  and  Supt.  C.  R.  Frailer.  The  re- 
nuuDing  98  I  obtained  from  friends  and  actiuaintances  by  mail. 
I  first  made  a  list  of  50, — 25  men  and  25  women, — lo  each  of 
whom  I  wrote  u  per^mal  letter  at  the  time  the  questiouoaire  was 
submitted.  Forty-eight,  orgepcrccnt,.  sent  returns.  Having 
been  so  succetsful  with  this  group,  I  repeated  the  effort  with  an 
additional  group  of  53.  Of  these  50,  or  86  per  cent.,  sent  re- 
turns. The  percentages  of  Ibe  different  types  of  experiences 
in  this  group  correspond  so  closely  to  those  of  the  group  of 
fifty,  and  to  those  of  the  G.  S.  that  I  feel  safe  in  using  them. 
Without  a  criterion  with  whicli  to  test  tbera  I  should  not  have 
ns«d  them  in  this  part  of  the  study.  Whatever  the  cause  of 
the  selection  may  havebeeu.  it  evidently  was  not  a  certain  type 
of  experience  called  Cor  by  the  questionnaire. 

Although  the  382  returns  used  in  this  study  are  practically 
unselected,  in  the  technical  sense  of  that  term,  the  group  as  a 
whole  is  highly  selected.      It  is  restricted  to  what  may  be 
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cnlleil  the  npper  Htrattitu  of  the  teaching  professHon.  Nearly 
half  of  these  aiiHwcriBg  were  actually  engaged  in  tcachiag,  and 
the  others  had  been  iu  that  work  aod  weie  preparing  to  go 
back  into  it. 

This  restriction  was  iutentionsl.  It  gives  us  a  group  that  is 
homogeneous  and  ko  may  l>c compared  with  other  homogeneous 
groups.  It  would  be  intcrcsdng  to  know,  for  example,  how 
the  clerical,  the  medical,  and  the  legal  professions  compare 
with  the  teaching  profession  In  the  experiences  here  repre- 
sented. 

In  presenting  the  data  I  shall  follow  tbeorder  in  which  they 
were  called  for  by  the  question  nairc.  The  fallacy  of  selection 
having  been  avoided  and  the  numbers  being  fairly  large,  quatili- 
tivc  statements  may  be  given. 

The  data  most  fundamental  in  the  study  were  elicited  by 
the  first  topic  of  the  q n est ionn aire.  It  called  for  the  experience 
of  reconstruction,  with  which  the  study  is  primarily  concerned. 
The  five  subheads,  or  cUisses,  under  this  topic  form  a  gradua- 
ted scries,  the  order  of  which  is  indicated  by  the  Roman  nu- 
merals i:i  parentheses.  These  numerals  were  not  printed  on  t&e 
questionnaire  as  used.  The  classes  were  intentionally  mixed  up 
so  as  to  insure  a  more  unbi:ised  selection.  It  was  thought  that 
the  person  an!*wcrin)j  would  thus  be  less  likely  to  place  him- 
self at  the  medi.'in  and  be  more  likely  to  select  the  type  of  ex- 
perience that  most  nearly  fitted  his  ca.se. 

The  experiences  coming  under  this  bead  were  divided  into 
five  classes,  not  because  it  was  thought  that  this  exhausted  the 
possibilities,  but  because  that  number  of  differentiations  could 
easily  be  made  and  because  it  seemed  to  cover  the  field  with 
sufficient  minuteness.  Actually,  there  are  probably  no  dimrrcte 
claaaes  at  all.  It  is  more  likely  that  the  dilTerent  degrees  of 
intensity  of  the  experience  form  a  continuous  scries,  approxi- 
mating the  iionnal  probability  cnrvcin  its  form  of  distribution. 
The  data  present  considerable  internal  evidence  thai  this  Is 
the  case,  the  mode  falling  about  midway  between  Classes  II 
and  III. 

The  data  obtained  under  this  topic  are  given  in  Table  I. 
They  are  given  separately  for  the  sexes  and  for  the  two  main 
groups  above  indicated.  As  only  six.  three  men  and  three 
women,  placed  themselves  in  Class  V.  thcsearc  here,  as  through- 
out the  study,  included  in  Class  IV,  from  which  they  do  not 
materially  diBTer. 

The  different  sections  of  the  table  agree  tolerably  wcJl  among 
theni.selvcs.  The  variations  are  not  greater  than  might  be  ex- 
pected from  the  nnmber  of  retnrns  used.  The  four  classes  are 
all  nearly  the  same  si/e  throughout.  Class  11  alone  showing  a 
tendency  to  be  larger  thnn  the  others.     This  tendency,  bow- 
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ai 


Number  i  Pttcetit 


Women. 
Nambcr  i  Parcmt 


Toul 
Number  i    Perccat 


Grail tiAte  StDdent* 


t 

« 

36 

11 

|6 

37 

tt 

n 

33 

35 

3' 

41 

64 

37 

ni 

i8 

19 

i6 

ai 

34 

to 

IV 

'9 

lO 

i6 

11 

35 

ti 

Teacbers. 


I 

'5 

96 

'3 

^ 

.8 

*5 

II 

15 

a6 

>5 

30 

*7 

III 

'7 

»9 

11 

11 

n 

t« 

IV 

II 

19 
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ever,  is  tnanirest  chteSy  in  the  G.  S.  group,  wbich  suggests 
tliat  it  may  be  explained  in  pan  on  the  ba.sLs  of  maturity. 

Age  was  not  <iircctly  called  for,  but  it  wa«  usually  given 
under  Topic  \^  When  it  was  not  so  given  I  succeeded  Dearly 
alway.s  in  aitcertaining  it  from  other  »otirc».  The  atrerage  age 
in  the  G.  S.  group  was  approximately  twenty-nine  years,  and 
that  of  the  T.  gtoup  was  thirty-lhree  years.  This  difference 
of  four  years  would  enable  a  relatively  larger  number  from 
Class  II  of  the  former  to  pass  over  intoClassesIlIand  IV  than 
would  be  likely  to  \k  the  case  in  the  latter.  The  fact  that  the 
returns  from  the  G.  S.  group  were  marked  more  hastily  than 
the  others,  owing  to  a  limitation  of  the  time  to  twenty-five 
minutes,  may  also  have  tended  to  swell  Class  11.  This  class 
appeared  first  on  the  list,  which  exposed  it  to  tlie  factor  of 
primacy. 

No  marked  sex  difference  is  manifest  from  the  table.  I C  any 
exists,  it  again  occurs  in  Class  II  which  is  <juite  uniformly 
larger  for  the  women  than  for  the  men.  If  an  explanation  for 
this  is  necessary,  it  cannot  tie  sought  in  maturity,  for  the  women 
average  about  the  same  age  as  the  men.  It  would  i>e  ex- 
plained on  the  assumption  that  women  are  more  conscr%'ative 
than  men,  so  that  ihcy  do  not  give  tbcmstlvcii  up  so  readily  to 
rapid  and  far-reaching  mental  transformations.     As  some  of 


3S8 


RDSDIOBR : 


the  data  to  be  takea  up  Ut«r  indicate  such  a  diSerence,  tbis 
point  will  be  rcferrwl  to  again. 

Fsychologicall)'.  of  course,  these  four  tj-pes  of  mental  develop- 
ment are  equally  signj6canl.  They  are,  perhaps,  all  equally 
Dormal  and  one  lea^  to  cultnrc  and  insight  as  well  as  sDOther, 
a  staienient  well  borne  out  by  the  data.  There  are  returns 
from  people  of  distJnctioa  in  science  and  philosophy  in  all  four 
classes. 

Although  these  four  claitses  are  alt  equally  significant  as 
types  of  mental  development,  they  arc  not  equally  spectacular. 
Classes  III  aud  IV  are  more  picturesque  than  I  and  II.  De- 
scriptions of  subjective  experiences  were  not  called  for,  aside 
from  those  briefly  given  in  the  questionnaire,  nevertheless,  a 
number  of  Iho^c  whu  . sent  returns  by  mail  gave  such  descrip- 
tions, and  a  few  others  I  obtained  from  members  of  Ctftsx  iV 
on  request.  It  would  consume  too  much  space  to  publish 
them  all,  or  even  many  of  them,  but  two  of  Class  IV  are  in- 
serted. It  must  not  be  iuferred,  however,  that  all  the  experi- 
ences even  in  thisclas-s  are  as  definite  and  clear-cut  as  those 
cited. 

Up  to  the  age  ol  clnettCD  or  twentr  I  bad  rrtiiined  ■>  cerlRin  ortho- 
dox rkw  o(  ibc  world.  ihouRli  netcr  a  churcli  member.  But  my  in- 
terett  in  •cleulific  icBiliriK  npMt  luc.  t  went  throagb  •omewbal  Ibe 
dlaintegntinK  eri«U  ilescnlied  in  Robert  Etimtre.  and  the  rradiog  o( 
the  boqk  brought  me  to  llic  count luc live  outcome  where  tbe  higher 
relations  ol  religion  aud  Bclracc  »cciiird  clear. 

Alttaonsh  I  bud  been  given  little  rcllKtovi  itiNtniction  ia  youth,  I 
abnofbed  nn  'orlboiiox'  view  of  the  world  which  I  had  tio  accasion  to 
qnestloD.  At  the  a^e  of  tweoty-two  the  doetrinc  of  eeolutiou,  Ibe 
wHtiiiKi  of  Horatio  W.  DreMer,  niid  the  stimulating  inflDence  of  a 
tcachtr  gave  me  uew  iiiHi)(ht.  I  oblaiocd  a  conceplton  ol  tbe  world 
•II  an  evolviug,  progressing  unity,  anil  I  felt  thai  I  n»w  uadentood. 
Tbe  'orlhodox'  views  cnuseci  some  (tictiun.  balon  the  whole  the  «c- 
eomp«nylnK  emotional  tone  wso  one  of  elation.  To  make  tbe  in«ior 
rwdjciHtmeDts  look  me  atiout  one  year. 

The  following  citation  from  John  Stuart  Mill's  Auhbiographr, 
page  66,  is  an  excellent  illustration  of  the  extreme  type  of  the 
reconstructive  experience. 

When  I  had  laid  down  the  laul  rolume  ol  the  trnit^ '  I  bad  bccoBM 
a  ditferent  )iciii|{.  The  'principle  of  utility'  tinderatood  as  Rcntliam 
Dndenlood  il.  and  applied  in  the  manner  tn  which  be  applied  it 
through  theae  three  toIuiucs,  fell  exactly  into  it*  place  ai  the  key- 
atone  which  held  togetber  the  [tetached  and  frajjmentary  eoiiiponriit 
pArlsol  my  koowlcnge  aod  beliefs.  U  Kavc  unity  to  my  conception 
of  things.  I  now  bad  opiniont :  a  creeil.  h  docirlne.  a  philoM>pby;  in 
one  among  the  be>t  acmes  of  the  word,  a  religion. 

The  experiences  in  Class  III  resemble  those  in  Class  IV. 
They  are  usually  less  acute,  although  not  always,  and  include 
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a  smaller  section  of  the  mental  life,  thus  giving  opportunity  for 
several  to  occur.  One  person  distinctly  dcwribed  seven  ftiid 
another  live,  but  generally  the  nnmbcr  is  smaller.  To  make 
this  phase  of  the  matter  concrete,  a  number  of  first-hand  de> 
sciiptionii  should  be  cited  from  each  class,  but  space  docs  not 
pcnnit  this. 

The  experiences  of  Classes  II  and  I  are  progressively  lens 
pronounced  ihan  those  of  the  other  two  classes.  People  who 
placed  themselves  in  Class  II  were  conscious  of  times  when 
their  mental  growth  was  accelerated,  when  they  came  upon 
new  unifying  principles,  but  the  matter  made  little  impression 
on  them.  The  people  iu  Class  1  realise  that  their  points  of 
view  have  changed  in  the  course  of  time,  but  they  can  point 
to  uo  specific  inSuenccs  or  occasions  that  have  brought  about 
the  change.     For  example,  one  person  responding  by  mail  said  : 

"  Uy  xrowtb  hru  been  gradual,  — no  snrlilcR  trausition*  or  cbaiigm, 
.  .  .  ,  I  at*A  to  ttilnk  b  matter  over  long  belore  I  adopt  a  new  no- 
tion.    By  tliBt  time  I  often  (otgct  irbcn  I  got  it." 

Topics  II  and  III  of  the  qtteation  list  were  meant  to  apply 
mainly  to  Class  IV.  Ctaiis  I  was  by  the  natnre  of  the  case  ex- 
cluded, but  nearly  all  the  members  of  Class  III  supplied  data, 
and  many  of  Class  II  did. 

The  data  elicited  by  the  first  two  questions  in  the  second 
topic  can  be  satistaclorily  considered  only  in  relation  to  Class 
IV',  although  tnt-ml>crs  of  Classes  II  and  III  also  attempted  to 
answer  them.  These  questions  request  (i)  the  age  at  which 
the  transition  occurred  and  (2)  the  length  of  tlm«  it  lasted. 
All  the  members  of  Class  IV,  thirty  men  and  thirty  women, 
answered  the  first  question,  and  twenty-one  men  and  twenty- 
fonr  women  gave  specific  times  under  the  second. 

The  ages  at  which  the  transition  occurred  vary  for  the  men 
from  14-43  years,  with  an  average  of  22.3  years  and  a  median 
of  31  years.  I-'orty-scvcn  per  cent,  of  the  ages  fall  bctwcm  18 
and  22  inclusive,  63  per  cent,  between  iS  and  25  inclusive,  and 
|6J4  per  cent,  fall  t>elow  iS  years.  Fur  the  women  the  ages 
vary  from  15  to  32  years,  with  an  average  of  20.25  yea's  and 
a  median  of  19.5  years.  Fifty-three  per  cent,  of  the  ages  lie 
between  18  ami  30  inclusive,  70  per  cent,  between  18  and  33, 
and  only  10  per  cent,  fall  below  18  years.  The  men  show  a 
greater  range  of  variation  than  the  women  and  average  nearly 
two  years  older.  This  difference  agrees  well  with  the  diScr- 
ence  in  the  time  of  the  advent  of  puberty  in  the  two  sexea, 
which  indicate^t  that  the  pcrio)!  of  reconstruction  is  lilccwise  a 
function  of  maturity,  in  part  at  least. 

The  average  ages  found  by  Siarbuck  are  higher  than  those 
given  here. '    He  fbiuid  them  to  be  24  years  for  the  women  and 


'£>  «■/.,  p.  aj9. 


JttTSDIGBR  : 


24.5  yeors  for  the  men.  How  to  account  for  thin  difTerc-nce  b 
oot  clear.  The  fact  that  the  ages  in  Starbuck's  returns  were 
giveu  incidentally  may  account  for  it  tu  part,  a  person  baviox 
met  the  experience  Inte  being  more  likely  to  mention  tl ;  and  it 
may  in  part  also  be  owing  to  the  fact  that  be  studied  miscel- 
laneous groups.  A  person  taking  a  college  course  and  follow- 
ing an  intellectual  calling  may  meet  this  period  earlier  than 
one  who  does  uot. 

The  length  of  time  occupied  by  the  transition  is  not  so  easily 
given  as  the  age  at  which  it  occurred.  Few,  if  any,  had  any 
hesitation  in  saying  when  reconstruction  began,  but  many 
found  it  difficult  to  say  when  it  ended.  The  times  given  by 
the  men  vary  from  a  month,  or  less,  to  tUree  yesrs,  aud  those 
given  by  the  women  vary  from  three  months  to  four  j'ears. 
Seventeen  per  cent,  of  the  men  and  ten  per  cent,  of  the  women 
indicated  that  the  experience  is  continuous.  One-third  of  these 
admitted  that  they  were  in  the  midst  of  the  process,  The  re- 
matning  two-thirds  may  either  be  similarly  explained,  or  tbey 
metely  continue  to  feel  the  elation  coming  from  a  unified  men* 
Ul  life. 

The  average  lime  s)>ent  in  the  transition  by  the  men  was  t.6 
years  and  by  the  women  3.1.  The  women  evidently  take  a 
longer  time  to  adjust  themselves  to  the  new  point  of  view  than 
the  men.  This  is  in  harmony  with  the  common  obser\'ation 
that  women  are,  as  a  rule,  more  couseri-ative  than  men.  In 
the  reconstruction,  usually  long  cherished,  but  now  inconsist* 
cot  views,  must  be  modified  or  discarded,  and  although  the 
women  are  tntetleclnally  convinced  of  the  new  tiuths,  their 
feelings  linger. 

The  ages  at  which  the  transition  occurred  as  given  by  Class 
III  are  not  so  reliable  as  those  given  by  Class  IV.  where  all 
answered  the  question,  but  they  may  be  mentioned  in  passing. 
Fiity-one  ages  were  given  by  the  men  and  35  by  the  women, 
coming  in  each  case  from  about  half  that  number  of  persotiK. 
The  ages  vary  from  8-40  for  the  men,  with  an  average  of  ao, 
and  from  10-33  for  the  women,  with  an  average  of  20.1. 

The  data  gathered  by  questions  3-11  under  Topic  Ilarecon- 
densed  in  Table  II.  The  percentages  of  tlie  positive  answers 
only  arc  given.  Many  negative  answers  were  also  recorded, 
but  the  tendency  is  for  people  to  leave  a  blank  where  a  positive 
answer  cannot  be  given. 

It  is  clear  that  all  the  features  having  to  do  with  'storm  and 
strew'  increase  ns  wc  pa.'s*  from  Class  I  to  Class  IV,  In  fact, 
the  column  for  Class  I  is  practically  blank. 

A  marked  falling  off  in  doubt  aud  depression  ia  noticed  after 
the  crisis  has  been  passed,  and  there  Is  a  oorresponding  increase 
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in  calm  and  eUtion.*  Tliotte  who  were  afflicted  wjtb  doubt 
and  depression  during  the  transitton  frequently  gave  a  positive 
niuwer  also  under  'calm.*  and  someliines  even  under  'elation,' 
but  tbcy  usually  indicated  that  ibcre  was  an  alternation  of 
mood».  A  similar  alteruation  was  also  fretiueully  iudicated 
between  feclingKcnrc  and  feeling  'at  sea* 

"Storm  and  stress"  is  not  a  necessary  accompaniiueni  even  in 
Clas.1  IV.  EiKhtfen  per  cent,  of  this  class  report  that  they  ex- 
perienced no  doubt,  depression,  or  feeling  01  'at  sea';  this  in 
spite  of  the  fact  that  64  per  cent,  of  this  j8  per  cent,  bad  re- 
ceived religions  imtrttctlon  and  that  73  per  cent,  had  read- 
justed their  religious  beliefs.  These  percentages  arc  almost 
identical  with  those  of  Chsa  IV  as  a  whole,  which  are  65  per 
cent,  for  religious  instruction  and  75  percent,  forreadjuslment 
of  beliefs.  This  is  strange  wbeu  it  is  noted  that  it  is  usually 
the  incompatibility  between  early  religtou.s  teachings  and  later 
scieuiiSc  and  philosophic  instruetion  that  causes  tbe  friction. 
What  it  seems  to  indicate  is  that  storm  and  stress  ts,  in  tbe 
main,  a  function  of  temperament.  No  matter  what  mental  re> 
adjustments  have  to  be  made,  some  people  do  this  with  little 
or  no  emotional  disturbance. 

Tbe  intensity  of  tbe  stonn  and  stress  period  in  thoee  tbat  do 

'  A  Dumbct  of  IbapK  that  aoHwcrcd  (he  (|U(sttoDiiaire  suggested  tbat 
Ihc  word  'tiali((Hc1ioii'  tic  subsiiiutcd  (or  'eloliou.'  Had  tliii  been 
done,  the  caption  would  ao  doubt  bare  drawn  a  atllt  larger  pctccutage 
ol  po«Jtiv«  aa»wer*. 


I 

J. 


363 


ttOSDIGRK  : 


enperlewce  jt  varies  greatly.  Although  not  called  for.  three 
mentioned  that  it  was  very  poiuful,  and  two  of  these  had  con- 
templated suicide.  Taking  the  rubric  'donbt'  as  a  criterion  of 
storm  and  Ktress,  33  per  ccDt.  of  the  people  studied  puaed 
through  such  a  period.  This  figure  may  be  sltgbtly  too  low  u 
13  in  Classes  III  and  IV.  making  5  per  cent,  of  the  total  ntun- 
ber,  left  Topic  11  aoansweied,  but  the  percentage  would  cer- 
tainly not  rise  above  3S  or  40.  This  U  not  necewarily  at  vari- 
ance with  the  assertion  of  Starbuck  (o.  e.  p.  214.)  that  over 
60  per  cent,  of  average  American  young  people  pass  through 
such  a  period,  Hin  figures  include  the  storm  and  stress  be- 
qticntly  experienced  at  the  onset  of  adolescence,  while  our«  in- 
clude only  the  period  of  reconstruction. 

Qucstious  9,  ro,  and  ti  arc  not  specifically  'storm  and 
stress'  questions  and  so  require  separate  mention.  Seventeen 
per  cent,  in  Class  IV  indicated  that  they  rejected  former  belief 
entirely.  Scii-en  per  cent,  did  so  in  Class  III,  and  2  per  cenL 
in  Class  II.  The  others  who  answered  that  question  in  the 
affirmati%'e  also  answered  the  next  question,  usually  indicating 
that  there  was  partial  rejection  and  partial  readjustment.  The 
large  number  indicating  a  read;  11. <! men t  of  former  beliefs  shows 
this  to  be  a  constant  accompaniment  of  mental  reconstruction. 
The  fact  that  It  is  so  would  lead  one  to  think  that  oertats  types 
of  religious  and  other  dogmatic  instruction  are  responsible  for 
at  \e»i\  some  of  the  storm  and  stress  tliat  exists. 

It  is  not  explicitly  revealed  by  this  study  to  what  extent 
storm  and  stress  is  a  phenomenon  of  individual,  and  to  what 
extent  of  social  psychology;  to  what  extent  it  is  a  result  of  the 
process  of  growth  and  development,  and  to  what  extent  it  is  a 
result  of  instruction  and  environment  during  childhood. 

No  ninttcr  how  narrow  and  dognmtic  the  instruction  has  been, 
a  certain  type  of  temperament  seems  to  be  necessary  to  bring 
about  emotional  distucbunce^  latci.  This  is  evidenced  by  the 
fact  mentioned  above,  that  some  people  who  have  had  much 
dogmatic  instruction  readjust  their  belief  without  storm  and 
stress,  and  by  the  figures  of  Table  IV  below,  The  percent- 
ages of  those  having  received  much  religious  instrnctjoo  are 
nearly  the  same  in  all  four  cln-sscs. 

No  striking  .-tex  differences  are  revealed  in  Table  II.  In  the 
last  three  items,  however,  the  figures  arc  quite  uniformly  di- 
vergent for  the  sexes,  which  would  indicate  the  exi.stence  of 
such  differences.  Twenty-six  per  cent,  of  the  men  rejected  ia 
whole  CT  in  part  their  former  beliefs,  as  against  17  per  cent,  of 
the  women:  and  44  per  cent,  of  the  men  readju.<lcd  their  be- 
lieDi,  as  against  36  percent,  of  the. women.  This  rejection  and 
readju»tment  of  long  cherished  belieb  are  radical  acts,  and  the 
fact  that  the  women  do  this  less  than  the  men  is  again  in  bar- 
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monjr  with  the  assumplioti  that  they  are  more  conservative. 
Still,  this  difference  iu  the  figures  might  he  explained  other- 
wise, All  explanntion.  however,  thai  doet  not  seem  to  mc  to 
have  much  weight.  Il  is  indicated  in  Tabic  IV  that  the  women 
ot~  thi.t  group  have  received  slightly  tes.s  religious  instruction 
than  the  men.  and  in  Table  III  that  they  are  less  attracted  by 
science  and  philosophy  and  therefore  siudy  ihcm  less,  But  tt 
is  thene  subjects  that  are  most  likely  to  unsettle  certain  furms 
of  beliefs. 

The  average  percentages  for  holding  contradictory  beliefs 
arc  13  for  the  men  and  13  for  the  women.  But  in  Class  IV, 
where  the  issue  is  clearest,  the  percentages  are  respectively  sj 
and  47,  indicating  that  in  this  clas.s  the  practice  t.f  fully  twice 
as  frequent  among  the  women  as  among  the  men.  This  would 
indicate  again  the  more  conservative  nature  of  women,  They 
find  it  hard  to  discard  former  beliefs  of  whose  inconststcQcy 
they  have  nevertheless  become  intellectually  convinced. 

In  drawing  this  inference,  I  have  not  forgotten  that  just  the 
Opposite  conclusion  could  be  drawn  from  the  figures  under 
Classes  II  and  III.  I  noticed  frequently  in  gathering  the  data 
that  the  women  were  much  more  cautiou-t.  and  apparently 
secretive,  in  marking  this  item  than  the  men.  They  appeared 
unwilling  to  confess  that  they  had  held  contradictory  belieb. 
Some  answered  the  question  in  the  affirmative  and  then  erased 
the  answer.  This  indicates  that  all  the  figures  from  the  women 
should  be  higher  in  order  to  make  them  comparable  with  those 
from  the  men. 

The  causes  influential  in  bringing  abmit  the  transttinn  were 
elicited  by  the  rubrics  under  Topic  III,  and  are  condensed  iu 
Table  III.  The  percentages  are  baserf  upon  the  entire  nunil>cr 
of  entries  that  were  made.  In  all  there  were  .(90  of  these,  253 
by  the  men  and  237  by  the  women.  Counting  only  those  who 
made  entries,  this  gives  an  average  of  3.4  per  man  and  3.5  per 
woman. 
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In  classifying  these  entries  I  made  originally  tea  cinwes, 
spectlvely  for  (i)  Personaliliea,  (a)  Philosophy.   (3)  Scieoi 
(4)  Social  Science.  (5)  Bible  and  Science  of  RcliRioo,  (6>  P»; 
clioloKy,  (7)   Literature.  (8)    EotcnnK  Collegt:,    (g)  Joini 
Chnrch.  and  {10)  Misc^tlaneouit.     Untlerthclafit  bead  Ipl 
unnamed  items  as  "a  book"  or  "a  subject  of  study,"  aod  sd< 
subjects  aA  "travel"   that    were  mentioued    bat   seldom 
would  not  logically  (all  iu  the  classes  made.     Deaths,   whici 
composed  ^  per  cent,  of  the  inSueiices  for  the  meu  and  6  , 
cent,  for  the  women,  were  classified  under  personalities,  reeard 
ing  them  as  the  subtraction  of  personalities  from  the  ennroa- 
ment.     The  ticures  for  philosophy  and  the  different  sciei 
with  the  possible  exception  of  psychology,  all  showed  the 
trend  mid  so  they  were  combined. 

The  sen»e  in  which  tliese  things  may  be  regarded  aa  cauaea 
of  the  transition  cannot  be  expressed  in  a  sentence.  They 
differ  in  this  respect  both  for  the  items  tbenuelves  and  for  the 
people  mentioning  ifaem.  A  personality,  as  a  teacher,  may  do 
one  thing  for  one  person  and  quite  a  different  thini;  for  another 
person,  and  its  influence  may  ne\-cr  be  Hice  that  of  metaphysics, 
for  example.  A  teacher  in  the  classroom  might  supply  the 
principle  for  reconstruction,  or  he  might  merely  »nggcst  a  fruit- 
ful liite  of  reading.  In  conversation ,  in  telteis,  and  on  the 
blanLs,  the  statement  was  frequently  made  that  tlte  items  men- 
tioned should  not  be  regarded  as  sufficient  causes,  but  rather  as 
inciting  causes.  They  precipitated  a  reconstruction  for  which 
the  mind  had  long  been  getting  ready  through  study  and  ex- 
perience. The  particular  influence  serves  usually  to  supply, 
or  lead  one  to  find,  a'unifying  principle  for  things  that  are  al- 
ready in  the  mind,  but  which  have  heretofore  been  mor«  or 
less  unrelated.  The  development  is  at  bottom  an  educatiooal 
one  that  has  become  ripe  for  integration.  In  itself  probably  no 
influence  has  power  to  reconstruct.  To  be  efficacious,  the 
mind  must  be  ready  for  it,  and  what  would  influence  one  migfac 

,  not  iufiuence  another. 

The  difference  between  the  people  that  are  conscious  of  tran- 
sitions and  those  that  are  not  in  probably  in  the  main  tempera- 
mental. This  means  that  they  instinctively  react  differently 
to  similar  situations.  Some  of  the  persons  in  Classe.<>  1  and  II 
are  so  conservative,  or  cautious,  or  reactionary  regarding  new 
ideas  that  they  do  not  adopt  them  outright,  but  'get  used'  to 
them  so  gradually  that  they  are  never  really  conscious  of  how 
they  cpt  them.  Others  again  may  be  quite  the  opposite  in  at- 
titude and  continually  reconstruct  their  mental  content  ns  they 
pass  along  the  highway  of  learning  and  experience,  so  that 
large  lran.sitiuns  are  precluded,     Other  attitudes,  or  uative  and 

acquired  mental  equipments,  might  be  posited  to  explain  all 

the  various  types  of  experience  in  this  respect. 
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A  perusal  of  Tabic  III  reveals  a  number  of  sex  differences 
tbat  are  worth  noting.  As  would  be  expected,  personalities 
count  more  with  women  than  with  men.  Tiiey  form  nearly 
one  half  the  influences  mciuioncd  by  the  women  and  oqI)- about 
one-third  of  those  mentioned  by  the  men.  Teachers  appear  to 
exert  about  cqnal  influence  over  the  sexes.  They  compriMd 
i8  per  cent,  of  the  items  for  the  men  and  3i  per  cent,  for  the 
women.  This  leaves  a  halnnce  of  17  per  cent,  and  24  i>et  cent, 
for  personalities  closer  than  teachers,  such  as  parents,  brothers, 
sisters  and  friends,  or  a  ratio  of  3-2  in  favor  of  the  women. 
Science  and  philosophy,  on  the  other  hand,  ount  more  with 
men  than  wi:h  women,  in  the  ratio  of  nearly  2-1.  The  fact 
that  UMn  study  these  subjects  more  than  women,  and  therefore 
arc  influenced  more  by  them  docs  not  explain  away  this  differ- 
ence in  the  figures,  but  points  in  the  same  direction.  The 
reason  why  men  study  them  more  is  not  so  much  conventional 
as  it  is  because  they  are  more  attracted  to  tbem.  Literature  is 
not  given  as  a  cause  as  much  more  frequently  by  the  women 
than  by  the  men  a^^  might  have  been  expected.  But  when  it 
is  known  that  Hnicrson  and  Browning  are  the  authors  most 
frwiiicnlly  mentioned,  this  may  be  accounted  for.  The  writings 
of  these  authors  might  almost  as  well  have  been  classed  with 
philosophy,  for  they  supply  the  same  kind  of  unifyinx  princi- 
ples. Entering  culicgc,  by  which  those  answering  meant  cither 
the  event  of  going  off  to  college  or  the  iufltteuce  of  the  college 
course,  appears  decidedly  more  momentous  for  women  than  for 
men.  This  is  very  likely  owing  to  the  fact  that  it  fonus  more 
of  a  contract  in  tbetr  lives  than  it  does  in  those  of  the  men. 
Joining  church,  on  the  other  hand,  impresses  the  men  more 
than  the  womeu.  The  explanation  is  probably  similar  to  that 
of  the  preceding,  but  is  reversed  for  the  xexe».  Boys  are  more 
likely  than  girls  to  get  away  from  the  influence  of  the  church, 
and  .•HI  cooing  back  and  joining  it  forms  more  of  a  .itep  for 
them. 

The  fact  that  the  relative  amount  of  influence  exerted  by  the 
various  items  vtm  called  for  has  not  been  taken  into  considera- 
tion in  the  preceding  discussion.  It  was  faithfully  given  but 
each  item  was  assigned  with  about  equal  frequency  to  first, 
second  and  third  places,  so  that  weighting  seemed  unnecessary. 

Topic  IV,  pertaining  to  religious  instruction  and  to  conver- 
sion, was  included  especially  for  the  purpose  of  -•tepRrnting  the 
religious  experiences  from  tho:«  that  are  more  purely  intellect- 
ual. That  the  period  of  mental  reconstruction  is  a  phenomenon 
independent  of  religious  conversion  is  indicated  by  the  data 
gathered  by  question  3  under  this  topic.  Unfortunately  the 
second  part  of  this  question,  calling  for  the  age  of  conversion, 
was  Dot  on  the  paper  at  first.     I  added  it  after  more  than  half 
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the  daU  bad  been  collected.  Nerertbeless  I  got  the 
coflver>ion  from  33  men  Rod  from  30  trotncti.  Tfai 
the  men  (lom  1 1  to  34  years  with  ao  avenge  of  1 6  and 
of  15,  and  for  the  women  from  10  to  35,  with  ao  ave: 
and  a  median  of  14.  For  the  men  there  seein  to  be 
one  at  13-14  and  one  at  tS,  and  for  the  womco  there  is  01 
14.  All  IhcK  figures  nhow  that  oonrersion  is  an  earlier 
nomctwD  than  mental  integration.  00  the  a\-erage  near!)' 
years  earlier.  The  same  fact  also  came  to  light  id  Staibo 
retnm&.  In  Class  IV,  I  obtained  the  age  of  conversion  fma 
or  from  10  per  cent.  In  only  two  of  tbe^e  instances  did 
ages  fur  the  two  experiences  coincide: 
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The  rest  of  the  data  gathered  by  this  topic  are  summar 
in  Table  IV.  It  lias  already  been  pointed  out  that  the  am< 
of  religious  instruction  received  in  chitdbood  docs  not  corrc 
in  any  significant  way  with  the  eiperiences  of  mental  reo 
stntction.  Some  correlation  exists,  however,  between  m 
reconftrnction  and  the  experience  of  conversion.  This  is 
harmony  with  the  assumption  that  the  prrsonM  falling  to 
Clus  I  in  the  curve  of  diatribntion  adjust  themselves  m 
gradnally  and  with  les.s  subjective  upheaval  in  all  thin 
Tbey  are  more  calm  and  deliberate  in  temperament  than  thi 
at  the  other  end  of  the  curve,  who  arc  more  emotional. 

In  all,  69  per  cent,  of  the  men  and  61  percent,  of  the  woi 
caid  that  they  had  received  much  religious  instruction  to  chi 
hood,  and  45  per  cent,  of  the  men  and  3 1  per  cent,  of  the  woni 
had  experienced  religious  conversion.  Why  the  men  shoi 
experience  conversion  more  frequently  than  tbc  women 
to  require  explanation,  for  women  being  more  emotional,  a 
presnniHbly  more  religious  than  men,  the  opposite  would  nat 
ally  \k  expected.  In  part,  the  explanation  very  probably  a. 
.■iitiLes  l>aclc  to  the  fact  that  boys  get  away  from  cbur^ 
bome  influence  more  than  girls.  After  having  sowed 
'wild  oats'  they  come  back  to  their  former  ^here  of  life,  p: 
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iog  tbrough  the  process  of  conversion  ia  doing  so,  Girls  pass 
out  of  the  influence  of  the  home  and  the  church  less  freqaeotly 
than  hoys  and  no  hnve  less  occasion  to  become  cocverted. 
The  greater  conservatism  of  women  may  also  enter  into  the  ex- 
planation.    Tbey  are  less  given  to  abrupt  cbanges  than  men,* 

In  all  no  answered  as  having  czpericticed  conversion. 
Seventy-eight  per  cent,  of  these  had  received  milch  religions 
instruction  ami  22  percent,  little  or  none.  Although  the  oppo- 
site might  again  be  expected,  the  explanation  is  probably  not 
far  to  .seek.  To  have  received  religiou.s  tnstntction  means  to 
have  been  brought  up  in  a  religious  home.  The  members  of 
such  a  home  are  most  likely  to  come  under  the  influence  of 
church  services,  revival  meetings,  and  other  factors  that  stlma- 
late  conversion.  No  doubt  heredity  is  also  a  factor.  The  pre- 
disposition in  church-going  families  for  deep  religiousexperiences 
may  be  inherited  like  other  traits.  Furthermore,  religious  in- 
struction in  childhood  is  taken  much  as  a  matter  of  course, 
having  little  meaning  attached  to  it,  hence  wben  conditions  be- 
come ripe  to  give  it  content,  the  experience  is  likely  to  over- 
whelm the  mind.  All  former  iastructjon  appears  in  a  new 
light  and  gets  a  significance  essentially  new.  But  this  cannot 
well  be  the  case  with  those  that  have  received  little  or  no  such 
instruction.  They  have  nothing  nt  hand  to  be  made  meaning- 
ful and  so  are  more  free  to  go  about  the  matter  intellectually 
and  become  adjusted  gradually  to  the  deeper  meanings  that  the 
experiences  of  life  unfold. 

Topic  V  c^lls  for  biographical  items  pertaining  to  occupation 
and  schooling.  It  was  thought  that  irregular  schooling,  or 
gelling  one's  education  late  in  life,  might  be  a  cause  contribu- 
ting to  transitions  connriously  «x{)eticncc^.  A  few  instances 
point  to  the  conclusion  that  this  may  be  a  sub«diary  factor, 
bot  it  (xrtalnly  doe.t  not  enter  into  many  cases. 

It  will  be  of  interest  to  give  a  brief  account  of  the  returns 
that  were  not  included  in  the  foregoing  data.  These  are  con- 
densed in  Table  V. 

Fifty  blanks,  together  with  a  return  stamped  envelope  and  a 
request  for  a  reply,  were  sent  to  MethodUt  ministers,  and  the 
same  number  to  members  of  the  Chicago  Board  of  Trade. 
The  names  in  each  case  were  taken  in  alphabetical  order  from 
published  lists.  Eight  in  each  group  returned  the  blauks  un- 
answered, while  twelve  clergymen  and  three  busineu  men 
kindly  supplied  data.  The  remaining  thirty  clergymen  and 
thirty-nine  business  men  were  not  heard  from. 

I  It  I*  iwt  m«anl.  of  cour*c,  ttuil  all  women  arc  more  conscrTntlve 
than  men,  but  that  lhty_  are  more  loon  (be average-  Iltaight  well  be 
that  th«  mott  eoBMiraiive  pcrion  in  the  world  i*  a  tntui,  and  the  moat 
radical  persou  a  woman. 
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The  fact  that  all  but  one  of  the  clergymen  that  answered  had 
passed  through  periods  of  reconstruction  is  no  doubt  signifi- 
cant, and  il  is  to  be  reRretted  that  all  did  not  supply  data.  It 
may  be  equally  significant  that  none  of  the  business  men  an- 
swering had  experienced  reconstruction,  but  three  replies  ts 
manifestly  too  small  a  number  to  bear  much  weight. 

Fifty  blanks  were  also  sent  to  Wisconsin  high  school  teach- 
ers, but  with  an  iiiisiamped  return  envelope.  Nine  replies 
were  received,  as  given  in  the  table.  I  wish  now  that  I  had 
stamped  the  envelopes  so  as  to  make  the  data  more  nearly 
comi>arable  with  those  from  the  clergymen  and  from  the  busi- 
ness men.  The  fact  that  my  supply  of  blanks  gave  out  (6oo) 
made  it  impracticable  to  extend  the  distribution. 

The  mincellaneous  group  comes  from  two  city  superiutend- 
enls  and  fnmi  a  frit-nd  at  Columbia  University,  To  the  super- 
intendi.-:Us,  who  had  expressed  a  willingness  to  assist  me  by 
submitting  the  blanks  to  their  high  school  teachers  and  their 
grade  i>rinciples,  I  .sent  25  to  one  and  75  to  the  other,  and  re- 
ceived in  return  5  and  12  respectively.  The  reraainiug  five 
tetnnin,  collected  Ijy  the  friend  above  mentioned,  came  from 
people  that  were  neither  teachers  nor  graduate  students.  Of 
five  requfsls  for  assistance  sent  to  university  people,  only  one 
brought  a  favorable  response. 

The  data  of  Table  V  were  obtained  under  such  a  variety  of 
conditions  and  the  numbers  in  each  group  are  so  small  that 
litlle  can  Ijc  inferred  regarding  selective  influences.  They  do 
indicate,  however,  that  reliable  questionnaire  data  can  be  ob- 
tained only  under  exceptional  conditious,  such  as  were  mine  at 
Columbia  University.  In  addition  to  returns  from  friends  and 
acquaintances,  one  must  be  able  to  get  people  in  groups,  such 
as  are  afforded  by  school  or  college  classes.  But  even  then  it 
takes  no  less  pains  to  gather  reliable  data  by  means  of  the 
questionnaire  method  than  by  any  other  legitimate  method. 
That  reliable  data  may  be  gathered  in  certain  departments  of 
psychology  by  means  of  the   questionnaire   method,   supple- 
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[ttctited  b^  correspond ence  and  personal  interviews,  is  borne 
k^l(l'l9"thB  results  obtained  by  Galton  and  olliers.  The  method 
dMf  net  tpply  everywbere  in  ptsychology,  but  neither  dues  any 
other  method  apply  everywhere.  Taking  it  for  granted  that 
the  subject  of  this  study  was  worth  investignling,  by  what 
other  method  could  this  have  been  done? 

The  reliability  of  ineasuremenu  based  on  such  methods  u 
'right  and  wrong  coms'  and  'avenige  error*  may  be  cnlcnlated 
mathem^iticallv,  but  this  is  not  so  readily  done  with  question- 
naire data  One  may  obtain  the  respondent's  own  degree  of 
confidence  in  his  answers,  but  just  what  this  is  worth  is  not 
known  ;  and  one  may  get  him  to  repeat  his  answers  after  he 
baa  forgolten  how  he  answered  on  the  former  occasion,  and 
then  compare  the  consistency  of  the  results.  In  fact,  one  as- 
pect of  the  reliability  of  a  person's  answer  might,  and  should, 
be  extensively  investigated  by  the  second  method  suggested. 
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On  the  accompanying  questionnaire  the  request  was  made  of 
the  person  answering  to  indicate  his  degree  of  certitude.  He 
was  requested  to  mark  his  answers  A,  B,  C,  or  D,  according  as 
he  was  Mire,  fairly  sure,  in  much  doubt,  or  making  a  random 
guess.  The  data,  in  probably  s  loo  much  condensed  form,  ate 
given  in  Table  VI.  As  Ear  as  ceilitude  was  indicated,  it  is 
of  an  unexpectedly  high  degree.  Comparatively  few  answers 
were  marked  C  or  D.  Under  Topic  I  all  the  C's  and  63%  of 
the  B's  were  given  by  members  of  Classes  I  and  II,  tho«e  that 
bad  experienced  no  pronounced  transitions.  The  degrees  of 
certitude  of  the  separate  questions  under  the  other  topics  were 
also  not  distributed  in  equal  proportions. 

On  the  average  approximately  half  the  answers  were  left 
blank  as  to  certitude.  About  ten  per  cent,  of  them:  I  investi- 
gated by  means  of  personal  interviews  and  found  that  nearly 
all  felt  certain  and  wished  their  answers  to  be  mark<^  A.  Only 
two  asked  to  have  theirs  niarknl  li.  I  received  the  impiet>3iou 
that  when  people  arc  certain  tbey  feel  that  tbey  need  not 
Indicate  that  fact. 

Before  the  questionnaire  was  printed  in  the  form  in  which  it 
was  used,  a  trial  copy  was  prepared  and  mimeographed.     This 


37° 


RDBDIGES. 


varkd  but  little  from  the  form  that  was  used,  aod  nasauswered 
by  tvreDtyseveu  pn-sons  that  later  also  answered  the  printed 
copy.  The  influence  of  memory  from  the  first  to  the  second 
report  was  slight  because  an  interval  of  two  months  elapsed  be- 
tween  the  two.  and  none  of  the  people  expected  to  have  the 
blank  submitted  to  them  again. 

Comparing  the  answers  is  Topic  I,  i6  of  the  37  were  alike 
in  the  two  ictums,  6  had  checked  adjacent  classes,  i.  t. ,  tbey 
had,  for  example,  moved  from  Class  I  to  Class  II,  or  vice 
vtna,  and  5  had  checked  in  such  a  way  that  the  two  returns 
seemed  clearly  discrepant.  But  when  the  answers  to  Topics  II, 
III  and  IV  were  compared  the  dt»cre]);inciea  between  the  two 
returns  were  quite  incoostderable.  Practically  the  same  ex- 
periences of  doubt,  depression,  elation,  religions  experience, 
etc.  were  indicated,  and  the  causal  influences  mentioned  were 
also  nearly  the  same,  diSeiing  only  in  minor  details.  This 
stiggested  to  rae  that  the  answers  to  the  detailed  experience* 
called  for  under  Topics  II,  III  and  IV  were  more  reliable  than 
the  classification  of  those  experiences  called  for  by  Topic  I, 
This  proved  valuable,  for  it  justified  me  in  a  few  instances  in 
placing  the  respondent  in  a  different  class  from  theone  be  had 
himself  indicated,  In  a  few  retitnis  the  answers  under  the 
later  topics  clearly  sho^'ed  that  the  wrong  class  was  checked 
under  the  first  topic.  Whetever  iiotssiblc,  however,  I  consulted 
the  person  that  supplied  the  data  before  making  a  change. 
These  con.su  1  tat  ions  confirmed  the  suggestion  that  the  answers 
to  the  later  topics  were  more  reliable  than  those  to  the  first. 

Under  the  space  for  the  respondent's  signature  were  placed 
these  words:  "If  signing  would  keep  you  from  answering 
frankly,  do  not  sign."  Bight  and  one-half  per  cent,  of  the 
men  and  14  per  cent,  of  the  women  did  not  sign.  Most  of 
these,  however,  were  members  of  a  large  class  in  which  the  ia- 
structor  called  especial  attention  to  the  fact  that  the  signature 
would  not  l>e  necessary.  There  was  very  little  spontaneous 
tendency  to  withhold  the  signature. 
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yoealiom  of  ilti,  by  Jobann  Gom.iBB  Picrte.  TrauMaled  by 
William  Smitfa,  with  biographical  iotroduction  "tiy  E.  Rltcht*. 
ChfcAgo,  Open  Court  Publlftlimg  Couipaoy,  1906.    pp.  I>ii  ■>■  178. 

Hnosa  amt  Keligion.  by  Eluhr  Elwworth  Powkll.     Chicago, 
Open  Court  Publiabinf;  Company,  1906,     pp.  xiit  -fj44. 

'  An  Inirodvdion  to  Philosophy,  by  Geokcs  Stdakt  Fuujbktox.  H«w 
York,  MacmilUn  Compuiy,  1906.    pp.  xiu  +xti. 

Conetpit  0/  Fkiloiopky,  by  Ai.xxa!<i>kr  Thomas  Oruokd.  New  York) 
HactnillftB  Compiay,  1906.    pp,  zsrii  +7J>. 

\An  Outline  of  tie  Idealtttie  Contlruetion  of  Experience,  by  J.  B. 
B&II.I.IK.    LoadoD,  UticmllUo  aiul  Co..  1906.    pp.  xs  +344- 

\£vtryday  Elhics,  by  Blla  Lvhan  Cabot.  .  N«w  York,  BenTy  Holt 

and  Co.,  :9o6.    pp.  xiij  +439- 

Pen  works  by  atty  pbiloftophlcsl  writer   arc  tBOr«  fttlmnUthiK  than 

[Pkbte's  "Vocation  ol  Man,"  which  keeps  ever  befor«  the  i«S(ler  th« 

intimate   couneciion   of    abstract    ipcculalion  with   the   piofoundeit 

problems ol  linman  lite;  no  work  ol  lis  aiilhor  eKhltili*  «□  cleoily  the 

?>irlt  and  vnbatauce  of  bU  «y»tciii.  Tbc  Open  Court  PnblUhJQg 
otnpany  render*  tbe  Rtiidenl  a  diitiiict  icrvtce  in  adding  tbii  •land- 
ar<l  traiiilatioa  of  it  to  its  series  of  cheap  reprints  of  philoiophlcal 
clasiic*. 

Id  "Spinoia  aud  ReKcion,"  Profcasor  Powell,  ol  Miami  Dniversity. 
txamlae«  a  qneatlou  0/  peteunlal  interest  to  studeols,  aivd  one  still 
Mrhapa  unsctiled.  Witi  Spiaoca.  as  bis  contemporariea  generally 
Jiid|^  him,  the  'prince  of  MiUclst*,'  or  was  he,  as  be  has  frequently 
since  been  regarued.  a  'God -in  ton  lea  led'  nivstk?  Taking  tbe  view 
tbst  religion  esacntially  tnvolrcs  belief  in  a  nigber  power,  or  powers, 
of  a  perfonsl  kind,  slid  Ihst  Spinota's  'God'  is  pfalnly  impersotiat, 
the  author  conclndes  that  Spinoza's  system  Tcally  is.  stxi  waa  lD> 
tended  to  be.  atheitlic  nnd  anii-rcliaioas.  The  question  tnms  cbieflj 
on  the  itittrtirclatiun  of  tucb  tecbiilc-al  terms  as  inMlecftu  tmfimilut, 
togitatio  infiniln,  and  idea  Dei,  and  on  tbe  iBteriitctatloii  of  certain 
apparently  contradictory  passages,  snch  as  Btb,  I),  \,  where  it  is  said 
that  "lu  God  there  Is  nccesasrily  an  Idea  as  well  otbis  essence  as  of 
all  things  that  necessarily  result  from  his  csMOce,"  sad  Sth.  I,  17, 
Schol.,  where  an  intellect  and  will  like  outs  are  expressly  denied  to 
God.  Professor  Powell  ohows  coesidetnble  skill  in  deaiioft  with  the 
difficnities  raised  by  the  amhiguiticH  in  Spinoza's  Uiii!ua>;«,  hi*  ^rcat 
principle  in  explaining  away  the  apparent  implicaiioiis  of  cimsctona. 
ne»  in  God  in  snch  paasaees  as  the  first  here  referred  to  being  that 
of  sctommodation  to  scholastic  modes  of  expression.  f!e  carries  this 
principle  so  far.  however,  as  to  mskc  it  difGcnlt  to  exonerate  Spinoia 
from  the  charge  of  deliberate  ileccption.  If  Spinoiia  was  tio  mystic, 
bis  system  is  certainly  a  stupendous  mystification.  But  if,  as  tbe 
antboT  has  so  well  shown.  Spinoza's  tbongbi  Is  fall  of  contradictions, 
iby  not  Include  bi*  tbelsni  and  itiynticisin  with  the  rest? 
Opinions  naturally  difier  as  to  the  best  method  of  introducing  col- 
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lege  ilndcnu  to  the  «tad]rof  philMoptay.  In  a  duciplinc  wlikli  de- 
jiukIb  ao  niucli  (or  Its  tuccna  on  the  pcraosalltjr  of  the  tcactier  a* 
well  u  on  the  chHractcT  of  the  atud^nt  anil  the  coiKlitiooi  of  (be  car- 
ricvlutu,  there  U  probably  oo  'l>csi'  incihod.    tii  the  view  of  the 

fircaent  writer,  tlifre  la  uo  belter  approach  to  tba  ptoMcmo  u(  n-fiect- 
rc  thinking  than  throusb  a  a;^n] pathetic  stndy  of  the  liittorj-  of 
Grccic  pfailoaoiihf. 
Icrton'a  excellent  " 
the  man;  ailTHiiiasei  ■ 
■■  a  aapptemem  to  the  hitloiica].  The  ananKetucnt  of  topic* — Itac 
general  nature  of  philoiophy,  the  pTobU-itis  ol  the  extertial  world,  the 
probl*m(  of  the  micd,  the  vatiotts  typ«T*  of  philosophical  llieorir.  etc. 
— i»  ndmitable.  and  Ibc  dismbutio'n  of  itie  malcnal  veil  hnUnced. 
Paiiicutarly  to  tic  retiiarked  U  the  akillful  wnjr  in  which  I*ro(c«far 
Fnllerton,  slarlicg  with  the  aMumptionn  of  the  plain  man.  leails  tbe 
stndcDt  into  the  iolrlcacici  of  the  pioblcmx  aa  they  appear  on  mature 
reflection.  His  own  views  arc  expoitn<led  and  ilrfendecl  with  ciierj;r 
and  eitfuiplary  clenracM,  and  maay  of  these  the  teacher  of  the  book 
U  likely  oa  viKOTOUily  to  combat:  bat  the  aiKtiificaDl  thing  i»  that 
theae  Ticwt  arc  pre»ciiled  with  a  aiuf!>tlur  Itecdom  Itoiii  douniatUm 
and  tbat  the  Muilent  ia  erer^t-where  Mimutnted  unci  encouiBgcd  to 
think  for  hicnseU.  The  book  i*  tbe  ripe  product  of  maov  jrean  of 
S1ICCCii«(dI  teaching,  and  for  purp»f«*  of  InRtructlon  ia  caalty  ataOHK 
the  vcrr  bent  of  its  cloM, 

Prom  an  iniTOductiou  (or  brginners  we  pau  in  Ormond'a  "Concepta 
of  Philoaopby"  to  au  elaborate  trealiie  c-ipible  of  tixliie  the  patience 
aad  thought  o(  the  most  advnaccd  phitunophicBl  aludcut.  Tba  itork 
flhowM  the  same  hi)tb  qaalitics  of  ttrup  and  penetration,  of  oriKiaality 
and  conservatism,  as  the  auibor's  earlier  volume,  "Tba  PoundattODB 
of  Knowledge;"  bete,  as  there,  the  thauf(ht  ii  always  iu<tcpenileat, 
tliorongh  and  paiDiiakini;,  niOTiBj;  leisurely  and  uiitraitiiiicncd  in 
wide  open  spaces.  Oruiooii's  point  of  deiiArture  in  the  <>pi>i>tltiou  of 
science  with  it»  mechanical,  and  metaphysics  with  its  teleolof^cat 
cate)j;o( ics.  ReKinaiog  with  an  analyain  of  the  mo*t  general  concep- 
tions underlying  reapectiicly  the  scientific  and  phfloaophical  cob< 
•tractions  of  experience,  be  then  proceeds  syutlietically.  by  a  snccea- 
■ive  advance  from  tbe  phyakal  to  tbe  social  and  thence  lo  religion,  to 
lay  the  (oiindalions  for  a  final,  ualficd  Interpretation.  Ha  »««ka  to 
*bow  that  the  concepts  and  methods  of  phyaicsl  science,  while  «p- 
plicnble  thiouj;lioui  the  whole  ranifc  of  expciicncc,  are  inadirqaale  to 
tbe  dru>8n<li>  ol  kynihcsis  which  arUc.  wub  incre-asing  urxency,  aa 
we  ascend  tbe  scale  of  the  sciences,  snd  that  they  point  to  tbeir  tran- 
•ccnileiicc  in  metnpbytict,  wbtcb  snbordinntes  the  mecbantcal  to  the 
tcltolo^icjil,  and  iu  religion,  lu  which  tbe  nnily  reqnlrcd  is  complete. 
By  this  method  a  system  is  constrncted  which  carries  to  its  concluaion 
the  'Coperiiican  levolntion'  iniiiiicd  by  Kant,  tbe  central  contention 
being  that  Ibe  fundamental  reality  U  'coDRciounDc**.'  the  eoeigy 
which  is  Bwure  both  o(  itself  and  of  ita  object;  ultimately,  the  appc«l 
Is  to  an  'eternal  consciousneas.'  But  tbe  unification  o(  trnto  de> 
mandcd  by  philosophy  requite*,  it  is  held,  not  only  the  Bynthcsi*  of 
acicnce  and  meiapbysics.  but  also  the  svnthetis  of  kaowled){e  nud 
belief,  and  thtt  final  ayatbesis  is  an  act  of^wiU.  Bence  God.  Ireedom 
■nd  immortality,  to  which  theoretical  considcrationa 'point,' appear, 
In  the  end,  as  practical  postulates. 

'Tlic  idealistic  construction  of  exoeriencc  is  carried  out  in  a  still 
more  rigorous  fashion  by  Ptofeiaor  J.  B.  Bailtte.  of  the  University  of 
Aberdeen.  Bis  method  is  tbe  method  of  Hegel,  and  bis  argument  ft 
free  reproduction  of  the  argument  of  the  'Phenomenology  of  Spirit.* 
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n«  tceka  to  show  (t)  that  each  ^hai«  of  experieDce  emliaillcs  la  a 
specific  way  the  oiic  tpirilual  priacijilc  tlinl  luiiniate*  all;  (3)  that 
CHCh  is  <li»titict  Itota  the  otliCT  »(iii)>ly  \sjr  the  way  It  cnil>o(]ic*  this 
principle;  {3)  that  each  is  trtaicd  tocbr  otb«ra  and  to  Ihv  whole  in 
virtue  of  it*  mliiin);  the  principle  vith  ■  cctibjh  ileKrec  of  complete- 
DCm:  (4)  thnt  the  whole  of  experience  i«  a  neccMsry  cvoliitioti  of  lh« 
one  ^principle  through  variuu*  foTW>  logieully  <^oaiiecteil  a*  «  Mriea 
manifettlliK  the  piiDciple.  The  main  alage*  of  Ihc  development  ar«. 
fintt.  that  In  which  the  ludlviduMl  subject  Is  couM^iuus  of  oblccts  ■■ 
prima  facie  outside  the  subject ;  secona.  that  in  which  It  I9  codscIobs 
of  aell  a*  other  ihnii,  aod  yet  implicitly  one  with  the  laUect;  and 
third,  that  in  which  nil  seuiv  of  athcTn«M  Is  overcome  ana  t^M  and 
subject  are  trausparcntly  one  (p.  1^4 }■  No  innttncled  reader  can  well 
deny  th«  force  and  laM-inntioo  of  the  method.  It  'adopts.'  if  one 
cbooaca  to  say  so,  the  principle  it  »cek»  to  dTmou»lrHlc,  l>ut  it  dues 
tbifl  in  no  arbitrary  way,  for  the  principle  is  not  external,  one  to  which 
experience  lias  lo  befitted,  but  immanent :  expericoce,  iuotbcr  words, 
c»»«Qtially  involfcH  »oine  Hon  of  unity  «ii<l  relation  of  aubjcri  and  ob- 
ject. The  difficulty  lies  in  conaectiuK  its  rorions  phases  without 
mutilating  any  one  of  them,  and  in  showine  that  the  postulated  unity 
(s  a  really  couslitoltrc,  and  not  merely  an  Ideal  or  rej^utativc  prltKlpU 
o(  the  whole.  Professor  Baillie  has  done.  perhap»,  all  that  can  rea- 
sonably beexpected  to  make  the  principle  clear.  The  orosmatisl  who 
rf^rds  the  unity  of  ex[.'rTit'>sce  at  confined  to  the  iadlviiiual  experi- 
ence from  moment  to  momcutKilt  not  be  coavinced,  bat  he  can  hardly 
afford  to  i|[ui>re  Profeaaor  Baiilic's  sympathetic,  hat  penctiating,  criti- 
cism (pp,  lo-IS). 

Mrs.  Cabot's  instructive  and  well-written  work  on  "ETCiyday 
Ethics"  may  be  heartily  commended  to  ttachcm  in  secondary  schools 
who  are  looking  for  an  experieuced  t;uide  iu  the  dcrclopmcut  ol  moral 
coDsciouiucss  in  their  pupils.  The  hook  i*  the  outcome  of  yesrs  of 
experience  with  the  minds  aod  needs  of  just  such  pupili.  It  avoids 
techtiical  and  absiract  discussions  and  deals,  iu  a  live  way.  with  the 
problems  in  which  pnpiU  of  the  hivh  school  aj^c  ore,  or  cau  readily  be 
made,  interested.  Its  central  cthicsl  doctrine  is  that  duly  is  found 
iu  Iklellty  and  efficiency  in  one's  chosen  vocation,  that  "out  of  loyally 
to  our  chosen  work  aprinK*  all  moral  life."  Added  to  the  main  boily 
of  the  text  ia  a  key  to  teachers,  containiujc  many  excellent  suKiteation*, 
nnmeroni  queattous  and  aflditional  illuatrationa. 

Smith  ColleKC.  H.  N.  Gahdinkk. 

Tht  EUmiftU  i>f  Piythology.  by  Gdwakd  U  THos)>i>tKX.  A.  0. 
Seller.  New  York,  1905.    pp.  xix,  351. 

Ah  InlrodHetton  lo  the  Theory  0/  MenUt  atut  Sofia/  .Vfaturemenls, 
by  Bt>WAKI>  L,  Thoxkoikk.  The  Science  Press,  New  York.  1904. 
pp.  xii,  311. 

Tlicaimol  The  Elemenli  ef  Ptyehetogy  ia  "to  help  students  to  learn 
the  general  principles  of  psycholojcv."  The  volume  is  "desired  to 
serve  as  a  teat-book  tor  sttidents  who  have  had  no  previous  training 
in  psycholoKy,  who  will  not  iu  nine  cases  out  of  ten  take  any  consid- 
erable amonat  of  advanced  work  in  psychology,  and  who  need  psy- 
chological kuowletfCe  and  insight  tobt  thviti  tuiitiidy.  uoi  the  speeial 
theories  of  philosophy,  but  the  (general  facti  o(  humnii  :inture."  The 
book  is  divided  into  three  parts  (Descriptive  Psychology,  Physio- 
logical Basis  of  Mental  Life,  and  Dynamic  PsyclioloK7>.  an  Inimdnc- 
tlon  aiKl  a  Coocluslou. 

The  DcKriptive  Psychology  (Pan  1)  is  a  modified  abstract  of 
James's  The  PriiuifiUj  ^  PiycMoty-     It  givca  a  f;eocral  account  of 
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'meatal  Mate*,'  'thoiiKhu,'  aiul  '(ccllnica,'  with  ■  finftl  chapter  on  tbe 
'ittoctium*  of  i»«iit*I  Untca.' 

Part  II  is.  witU  the  exception  of  chapter  xi,  tican>Ioffic«l.  ItviTCi, 
in  tenus  of  tlic  neurone  Ihcotj.  the  principal  itructuralaad  fuactlMMi 
characteristic*  of  the  cculral  nerTOuisyBteoi  •nil  of  the  HnM  orKatlB. 
Tbla  •cctiooof  the  book  iiabnadantIy(eTcii>ope(fiaoiul}-)ilItutrBted 
from  •tandaTd  ncuroloelral  tcito. 

Djranmic  P*ycholoi;r  (Part  111)  ia  defiDcl  hb  the  "*cietic«  of  tb* 
niliid  in  action."  It  has  to  do  with  "the  facit  atid  laws  which  deter- 
mine what  any  human  hcinf;  will  think  and  feci  aod  do.  how  be  will 
Icarii.  why  he  will  miBtiudvistauiI,  when  he  will  be  intervHted.  wb«t 
habit*  he  will  form,  to  what  lort  of  intellect  and  cbaractcr  he  will 
attain."  This  'science,'  ai  It  appear*  in  the  book  nndcr  coiiiidcTatinn. 
■bowa  tbe  imprca*  of  modern  biology,  both  of  the  rietcriptire  and  o( 
tbe  atatiaticat  tjipe.  Iii  empbuia  fall*  upon  'inatincts'  and  'capact- 
tie*,'  'nalivc  aud  acquired  tendccicies,'  'Jaborn  connect ioon,'  nud  'aitu- 
atlon*,' 

It  ia  clear  that  drnaniic  pajrcboloftf  **  ^oe  form  of  the  psj'cholocj 
of  reaclionimn,  Il«  iiitcrot  in  coiii>c  lout  tie**  tiiair  almolt  tit  aaid  to  M 
luclilcutal.  Dynamic  paycholo^y  is  the  psychology  of  'b«haTlor,'ot 
'conduct,' of  'bntnan  life.'  It  u  conccTncd  with  conacioutncM  only 
IB  so  far  as  coniclouancM  ia  linked  to  atimnluR  and  to  organic  inove- 
ment;  only  in  bo  far  a*  It  is  a  factor  in  adaptation.  It  (tudica  the 
'fanction'  of  Ihoughta  and  feelinx*,  and  "the  function  of  thouBbla  and 
leeltni^  ...  .  la  to  Influence  aEtiona"  (t.  e..  morenienu).  Uinphaaia 
la  acconHnKly  laid  upon  three  seta  of  connectiona:  conDectiona  b»- 
Iweea  stimulu*  and  couiiciouincas.  connectiona  bclweeii  one  thoaght 
or  Iccllnti:  and  another,  aud  cotiiifclloM>  between couKiouMica*  and  or- 
ganic movement:  in  tbe  auihor'B  termi,  connectioua  of  imprcaaion, 
ataocialioii  »!n\  rxpreasioti.  tUch  of  these  may  he  fuither  divided 
Into  original  t tmlearned )  and  acquired  (learned)  connectiona  or  ten- 
dencies to  connection  (tix  acts  in  all). 

Now,  by  a  liberal  Interpretation  of  the  venerable  principle  of  aaao- 
ciatlre  relationBhipa,  dynamic  psychology  prucreda  to  atatc,  Id  the 
form  of  'law*,'  the  cuuditiona  nnder  which  the  atz  kinds  of  coiioectioa 
•rerenlirrd:  i.  r,  (be  way  In  which  (l)  atlmulus  lead*  (under  native 
*nd  acquired  tendencies)  to  conacloasncia.  (i)  cunscioutucas  to  coa- 
acionancaa,  and  (3>coniciflU>iicaa  to  moTemcnt. 

Since  It  la  In  these  'lawa'  that  Profetaor  Thorndike's  dynamic  pajr- 
cboloKT  comca  to  its  chief  iuue,  it  i*  perbapa  worth  while  to  inauitc 
whether  the  formulations  in  guestion  really  preserve  (in  apue  of  the 
generous  une  of  capital  Ictlcrs)  the  dignity  and  the  aiEnificaiice  of  (he 
acieniific  law.  They  are  in  reality  rule*: — not  law*,  either  lit  tbe  aenve 
that  thi^y  ilate  invariable  connectiona  of  antecedent  and  couaequent  or 
aa  preilicllve  aoticlpallooa  of  fact.  Aa  dcacTiptivc  czpreasiona  of  the 
dependence  of  ■  phenomenon  upon  an  indefinite  niinibcruf  hctcrojcene- 
ona  faciara  wboie  vnluea  are  niii^alcnlated  and  whoic  modea  of  combl- 
nalloii  ar«  unknown,  theKc  'law*'  (e*p«clally  the  "entire  I^n  of  Aisi*o- 
cietion")  ate  the  counterpart  of  the  glittering  generality  of  common 
sesac.  PofmuIatioDa  of  tbia  kind  are  impreaaivc,  and  tbeir  indcterini- 
nate  natur«  tftvesthem  from  refutation;  bul  tbfir  uarfnlneat  (oacience 
i»  uncertain  and  their  eHect  upon  "the  naVve  iludent"  unfortouate. 

Hven  if  the  formalaa  in  qncatioa  were  proper  paycbologieat  lawa, 
the  still  more  fundamental  objection  might  be  ralacd  that  they  arc, 
from  (he  point  of  view  of  mind,  external  and  superficial.  They  refer 
either  to  the  organic  conditiona  and  consequencea  of  conacionaaeaa  or 
to  tbe  'accondary'  factors  In  the  auccestive  or  linked  aaaoclation. 
This  crude  nae  of  aaaoclation  In  psychology  it  aurely  obaoleacent  and 
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(boDid  be  obsolete.  The  more  rcfiaed  ■□■lytic  inetliodi  long  *go  Ai»- 
catdccl  it.  The  biolo)!ic«l  lehnbitltaKon  ol  the  text  obMnret  but  does 
Dot  caDCcal  the  stock  priui^lple  ol  uiuciationiiiiii. 

I  liave  dwelt  upon  t&c author'*  auocialivc  coiincct ton*  both  becaoM 
they  (iirnUb  the  ttatla  aii<i  lupcrtrtnictutc  ol  the  Dynamic  Payoboto)^ 
■ad  because  they  illnstrate  at  once  the  wenkiieas  atiJ  the  Btrcngtb  o( 
the  poJDl  of  Ticv.  The  anthor's  method  Ja  the  method  of  <|roManftt- 
omy;  the  method  that  regarda  coi>aciottan«M  aa  a  whole,  that  calla  It 
B  siream,  notes  its  rate  and  volume,  ita  rascinotiot;  evolatioaa  and 
metamoiphosei.  ita  maltifold  iclationa  to  object*,  to  tbe  proceMcs  of 
knowledge,  tocouduci,  to  the  physical  organism  ^  and  that  coiileota 
Itself,  on  the  side  of  analysis,  by  distant  reference  to  'feelinKs'  and 
'thoujchts.'  Whenever  it  come*  to  croti-Eeclion.  to  careful  tcrultny 
ol  llir  ann|>-«hol  nicture  o(  mind,  to  the  tilstotoKkal  analvsis  of  the 
individaal  thoughi  or  feeling,  there — unless  its  Miampion  happens  to 
haceaictft  (oi  iiitrospective  «ubtlclics— the  method  balk*.  Coii*UleT 
the  work  under  review,  Problema  of  the  first  sort  are  treated  with 
competence;  problem*  calling  for  histological  treatment  arc  either 
•voided  or  drawn  )o  caricature.  Take  tbe  subject  'sensation.'  The 
tansation  of  the  laboratory  Ja  scarcely  mentioned,  and  the  author, 
real iting  that  "definition*  must  be  rough"  (and  apparently  they  may 
be,  since  th«  render  it  the  "naive  student")!  actaally  confine*  the 
■eBsntloD-etement  with  Pechner'a  senaatioa-msgniiad*  and  with  Miin- 
tterberg's  ae nsat ion- atom !  Similarly,  stimnlus  is  defined  in  two 
ii)cnn(i*tcnt  ways  (i;  nnd  381:  and  Itislon  and  colligation  are  gravely 
aaitl  (In  a  i4>line  acconnt  ol  "tbe  constitution  of  percept*")  to  be 
combinationa  of  "brain  procesaea."  Again,  it  i*,  in  the  reviewer'a 
opinion,  doubtful  whether  a  tlndcnl  who  had  been  'iniroilnced'  to 
psycholu^y  thruu){b  the  EUmenIi  could,  on  occasion,  give  an  inielll- 
gible  dcSiiition  of  ilie  term*  'mental  state,'  'tboagbt'  and  'feeling;'  — 
could  tell  wlieihrr  the  tcrnia  were  syuouymoua,  wbetber  a  ment*l  atate 
la«Kroup  ol  feelings  or  ibooghts,  or  whether  ■  thought  Is  a  partjcnlar 
kind  of  feeling  or  mental  state.  Action,  litially,  o&r*  a  glaring  in- 
■lauce  of  the  lack  of  analytic  Insight  luto  tbe  coustltutlon  of  mind. 
The  dynamics  of  action  is  chiefly  intereated  in  the  way  in  which  feel- 
ings lead  up  to,  nnd  issue  in.  movement.  The  very  term  '■ctioo'  baa 
eniitely  loat  ita  psycliologlcal  mesuiuK  and  Iniphes  simply  muscular 
cuntruction  Bud  ita  bodily  results.  The  whule  prublem  uf  action,  con- 
sidered a*  a  matter  of  conaciousncss,  is  missed,  or.  at  most,  it  emerge* 
In  such  bootUe*  (oriu  as  the  contention  that  uiovemciil  image*  arc 
rare  anlecedesls  of  voluntary  action. 

When  an  Author  hna  succeeded  in  writing  ■  test-book  that  i*  nt  oitce 
Interesting  and  Impieiatve,  a  book  of  high  pedagogical  merit  siid  of 
clever  arrangement  uf  fact  and  principle,  of  instance  and  illustration, 
detailed  criticism,  r<^pccially  of  the  negative  sort,  is  apt  to  appear 
caotlous  If  not  carping'  Apart,  however,  from  the  denian'Ii  of  tbe 
•cfetice,  the  critic  finds,  to  a  case  like  the  present,  ample  jnstificatioo 
for  his  stricture* — if  nowhere  else — In  "the  right  of  the  student  .  .  . 
to  dcinand  a  fair  rcpfeMutatlon  ol  the  •claaca  as  a  whole"  ( preface, 
page  »). 

In  bis  book  on  the  Theorv  of  Mental  and  Social  Mensureoienta.  Pn>- 
fe**orThorndlkc  "baabadlB  mlud  the  need*  ol  student* of  cronomica, 
aocloloey  and  cilttcalion.  possibly  even  more  thsn  those  ul  student*  ol 
psychology,  pure  and  simple."  The  tiook  presents  in  an  interesting 
and  simple,  if  not  systenistic.  way  the  principles  and   methods  em- 

fdove'l  in  the  Diodrrn  «i«nce  of  biometry.     The  present  wtlter  ha* 
ounO  tbe  volume  serviceable  lor  occasional  reference  and  for  the  col- 
lateral uae  of  atndcata,  both  in  psychopbyBtc*  and  in  the  siatitticBl 
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Btu'ly  of  p«rcboloKic«l  problems.    It  conialua,  la  *a  appendix,  coti- 
venicnt  tabic*  for  aTitliiiicttnl  coropatattonti. 

Coinelt  UtiirciMly.  I.  Madibok  BK!m.KV. 

Staifiigrtit  mud  Hhitlieke  KritgSgtbraueke  in  Amfrika,  von  GkorC 
Pkikdhhici.  Vicrwctt,  with  miip.  Brnnn&cbweig,  1906.  pp.  iTo. 
lo  lUU  Bionogtnph  ol  charncteiiflttc  German  exhftustircacss.  the 
ftntbor  diicuMea  tlie  etjmolofiy  of  ihe  word,  Hcalpiae,  and  gives  Ita 
liifltory  from  Hetcdotui  to  the  ptncDt  time.  Altbongn  it  Am  occnr 
in  aiitii]alty,  it  nccaif  to  hare  completely  vanisheil  in  BTirope,  wbile 
faenil  tropliies  or  aumetimeo  other  parts  of  the  Wly  that  were  cut  oS, 
took  ita  plnce  a>  evHlciices  of  rkiorr  in  war.  Scalping  ii  esaeutlally 
■  cbaraclcHiitle  trophy  ol  tlte  New  woiTd,  aod  in  an  interesting  colored 
map  tbe  «athor  ataows  bow  it  probably  oriKinali-il  among  tlir  Indiana 
of  the  i-'Bslcrn  part  of  America  oltliougb  it  bod  probably  an  independ- 
ent ori|:iu  it)  a  miicli  *mallrr  are*  In  Ceniral  South  Afnca.  In  Amer- 
ica, it  apread  westward  from  the  re);tou  ol  the  Great  Lakca,  north  to 
Hudaon  Bay  and  wcat  to  the  Rocky  Mouiitato*  and  aouth  to  Mexico 
and  U'.er  neatly  to  the  Pacilk  Cowl.  Over  nearly  all  of  Africa,  in 
Central  Mezko  and  the  i*aci6c  Coast,  it  occurr*il  oceaaioaally, 
although  in  Ihii  latter  region  hcada  were  often  uaed  Bi  trophiea. 

Fitlttoays.  a  study  0}  the  sofiotveitai  importaH(e  of  utagts,  mamn^n, 
mstoms.  mom  and  moraU.  by  Willum  GaAHAH  Squksk. 
Ginii  &  Company,  Kottoil,  1907.  pp.693. 
TLIh  book,  in  both  its  plun  and  prtsenlation,  rrBcrls  the  vifcoroua 
and  nuiquc  personalitv  and  the  power  of  oriKinal  thought  of  itB 
author.  He  nrsi  charartcriie»  mores,  then  the  titruKele  for  existence, 
labor,  wealth,  societal  selection.  slaYcry.  aborliou,  (nfautkirtc,  killing 
of  the  old,  cauniballtui.  then  pnaneA  to  lexuiil  rnortt,  and  marriage 
Inatilu lions,  social  codes,  incest,  kiuship,  bloiv!  revenue,  primitive 
justice,  peace  union*,  nnclcaniic**  and  the  evil  ete,  pointa  out  how 
mom  can  make  anything  ri|;hl  and  prevent  condemnation  for  any. 
thing.  In  illustration  of  this,  he  charscterlies  Mcral  liatlotty  and 
child  sacrifices,  tbcu  pauea  to  consider  popular  sport),  exhlbitloiia, 
drama,  aieellcl»m,  education,  hlKory,  lite,  policy  nnd  virtue  vetsua 
auccess.  Ue  usch  Ihe  Latin  word  mores  to  <leti|cnale  popular  usa^a 
and  tradttions  when  they  include  a  jadgment  ihst  ihe>  are  conducive 
to  societal  welfare  and  exert  ■  coercion  upon  the  individual  tOCOQ- 
fOTin  to  them,  although  ibey  are  not  co-ordinated  by  any  authority. 
Be  has  also  sought  to  biiiiK  the  words  c/Aoi  and  ilkoiogy  axaln  into 
familiar  ntage.  After  analyiing  folk  ways,  he  attempts  10  inBtify  this 
proc***  by  a  series  of  illnatmtions,  and  opines  thai  this  iu  order  to  be 
auccessfut  mn»l  go  into  details.  These  of  course  are  imment*,  k>  tliat 
be  can  only  select  those  deemed  most  fit  from  a  largei  amy  of  facta 
which  were  UHcd  in  forming  bis  K'nerslir.Htioua.  ladtrd,  Ihe  original 
plan  of  Ihe  book  lus  been  cuitniteil,  for  he  intended  to  iucliidedciuon- 
■am,  priniitivc  religion  and  wilchcfaft.  the  statu*  of  women,  crolu- 
tiou  and  the  morei.  usury. gambling.aocietal  otfiankationt  and closaes, 
mortuary  usages,  oaths,  taboos,  ethics,  wstbetfca  and  dcniocracr. 
TIn  first  tour  of  ibcM  we  are  glad  to  know  are  already  written.  Tne 
tndez  ia  deserving  of  sppcial  commend  atlou. 

Tke  fCdfirt  of  the  ffimda-Kush,  by  Six  Gborcs  Sccfft  Robbktsok, 

Illuslraied  by  A.  D.  McCoriuick.     Lawrence  &  Bullcn,  London, 

ii»o.    pp.  6j8. 

This  new  c<lltlon  has  been  re-edited  and  reconstructed  na  indeed 

blsloric  n»eda  made  necessary,  if  it  was  to  he  brought  to  date.    Since 

tbe  first  edition  appeared  in  1697,  the  whole  of  Ka&riatan  has  been  con- 
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KOlidMctl,  Bloalcm  mtMionarie*  have  btea  m*a»*i:red,  and  lOfiMiimM 
tMfbarona  excculiou*  arc  tUoiiKlii  to  be  niote  dctcrreut  to  violent  simI 
predniorjr  crimes  tlmn  the  enillcM  hanf;iii|;fl  *u'l  life  impriioiiQient 
whicti  chBToctcrixe  the  Ilritiih  tcoverDtntiit  of  India.  Moslem  niissioU' 
artcN  <!<>  not  worry  iiot  cxasiietalc,  hut  lake  plnstio  boy*  to  KaUul  and 
make  tbem  tealoii*  followera  of  the  great  prophet  of  Arabia.  The 
fervor  of  proaclytc*  ia  peoTcrblally  without  limit.  WhatcTer  the 
lalOTf  ol  thia  lanil.  it  will  not  cbnn|;e  it>  relieion,  for  here  the  Ka&ra 
have  become  Sbefkba.  In  ctiiergendea  the  oUi  bcatheii  rites  will  crop 
np  a|[Min,  but  the  cotintry  b  now  Mohammedan. 

KVi'rd  TaUifrvm  Northern  Seas/fom  the  DanUk  of  fomas  Lie,  by  R. 
MiKlutT  BaIn.  With  twelve  llluatrationi  by  Laurence  lIoii*man, 
K«|[an  Paul,  Trencb,  Tiubix;  &  Co.,  Ltd..  touilou.  1893,   pp.  loi. 

Thii  boo):  coDaillS  of  eleven  tnlea  Iranslateil  from  the  Dnmsh  of 
JoDBs  Lie  whos«  wofk  boa  long  becQ  well  known  to  all  interetlcd  in 
■ucb  ibemca.  He  la  beat  wbei«  he  telU  theweiril  IcKcodaoI  blit  native 
province,  NoritUnd,  ia  which  lie  km  himielf  brought  up.  The  folk- 
lore of  IhcM  lonely,  onbarctic  tracts  ia  in  keeping  with  the  uvuKcry 
uf  nKttiie.  Elrca  and  K"onie*  are  larvly  friendly,  but  all  the  super* 
u.itural  bcinna  Ibat  haunt  lea  aa<!  sbote  in  theae  regiona  arc  maliK- 
iiani,  iiialtfic,  hatiug  Biao  and  delighting  to  inock  his  toil  and  ap-'vn 
with  his  Jttpair. 

Hifltr  KtrktrmAmtm;  Autobiografhiem  und  SelbstbfMtntni$$f,  Aitf' 
sSlte  und  GeditkU  von  VtrbreektrH;  tin  Bfitraz  lur  KriminaU 
PtyfhologU,  von  JohanKBS  JaBCHR.  Mcckleuburj;,  Berlin,  1906. 
pp.  436. 

We  have  here  an  (nierMiloii;  and  anfqnc  toIubw  made  np  alnioft 
entirely  of  writing*  of  pnsoncri.  Tbey  arc  classified  Gral.  as  auto- 
bjographic  or  coufenaioitnt:  iccond.  tbonc  drtcribing  the  cause  of  the 
crime,  or  the  crimtnal  projieuhily:  third,  those  «xpTe«alng  the  medi- 
tationi  and  tcHrctions  of  criminats  in  prison:  fonitn,  relitiioua 
ihouuht*:  fifth,  Ibe  npinionn  of  cHminali  on  sociiil  qnrttlonsi  sixlb, 
their  views  ou  pesolo^y.  Many  poeini*  nie  Included.  Tbe  antbor  i« 
a  ptitou  chaplain  wbo  appears  Very  little,  but  expresses  hia  most  em- 

Shatle  dtaaenl  from  the  conclusion!  of  the  Lonibioao  tchool.  He  even 
enies  tliat  there  are  any  typical  varictlea  of  criminals  or  that  there 
ar«  morphological  or  psychological  traits,  but  thinks  that  crime  ia 
caaeatlally  sprodtMt  ol  tbe  miVr^M.  CriminBls.  he  innitt*.  show  the 
■ame  psychological  trait*  that  others  would  *how  under  like  condi- 
tion*. This  onioioo  he  base*  upon  fifteen  years  cipcricnce  with  them. 
TliCM  oRTclioloKlcal  docninenis  ccilaiolr  give  a  mo»l  iuirrciitini;  iuner 
vicwof  the  soulk  of  a  claa*  ol  pcopk,  knowledge  of  whom  i*  com- 
monly a  book  of  seven  seals. 

Woman,  by  BKRNAko  S.  Talmiiv.    The  Stanley  Prc*«,  Chicago,  1906. 

pp.  i>& 

Thia  book  ia  written  by  a  gynecologist  and  ia  dcti|[ned  for  physician* 
and  atudenta  of  medicine.  In  the  iniroductlon,  we  bave  thirteen  brief 
chapters  of  uhallieism,  prudery,  results  of  silence,  love  and  paaaton, 
etc.  Theti  followa  tbe  evolution  of  sex,  a  chapter  each  upon  anatomy 
and  the  pbyeiology  ol  the  sexual  instinct  and  act.  Part  fifth  ia  de- 
voted to  pathology  and  then  follow  three  larger  parta  on  hygiene, 
paychology,  and  morality  rcspccliTcly.  Tbe  book  is  written  wttb 
I  extraordinary  plalnncaa  and  with  little  attempt  to  beat  the  bu*b  in 
diacnaaing  delicate  matter*. 
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Man  and  Woman,  the  ftmale  the  hi£her  typ*.  by  William  T.  BSC* 
HIKi.O.  B.  W.  Rromiiii,  ChlMRo,  1907,  pp.  iii. 
Mr.  BetG«l(l  it  well  known  u  a  writer  upon  tb«  pedigree  anH  h«r 
iljr  of  ttae  bor*c  and  to  tbU  be  ba*  couliibutcd  innajr  Impottaiit  aa4  ^ 
liable  point*,  In  tlii*  oam|jbI«t  be  turn*  bU  bucdUoh  to  MirpicnltnraJ 
in  tbe  Dimian  field  am)  ducussei  brieflj'  and  ■pbotiatkaUy  aucb  toptcsf 
u  pubcrtr,  Muilit;,  detccnt.  ibc  compariaon  of  tb«  Mx«*.  naniclcM^ 
diacaai'ti,  etc.,  wltb  particular  refcrcocc  to  tbcir crolntiODaiT bcarioga. 

Tht  InUr-gentraiion  Period,  hj  Ciiaruis  H.  Ckanolkk-     From  tba 
WlKonatn  Acsdemy  oi  Seicncca,  ArUatid  L«ltera.    Vol.  XII,  pp.] 
499-S04-    laeaed  In  October.  1S99.  in  kdraacc  of  the  general  pnbn- 
caiton. 
Tbc  author  estunlncd  uesrij  16.000  dates  of  births  of  N«w  Englaad 
famillea  and  Goda  tbat  on  Ibe  aveta|[r,  tbe  pcTMxl  iiilcivecing  between 
sneoBMivc  gCDeratioD*  ia  jjK  yconi.    He  coocludeii,  after  a  nuiniuar}:, 
tbat  tb«  tnor«  nearly  compUte  tUc  reronl  of  Mrltis  In  eavh  generatioo 
and  the  irreater  the  number  of  Kcneratioas  included  in  the  exnmina- 
tfoo,  apparenllf  the  srcntcr  i*  tbe  tendency  to  a  mean  period  of  one. 
third  ol  a  century.  Tli<^  Trry  liiKcnloti*  graphic  method  repretented  In 
the  dUgrams  i*  of  itMlf  iatereiting.     Toe  factor*  whicb  lengthen  tbe 
intir-gcneration  ate  Urge  (amiltca  and  mnriiages  In  whicb  the  womaa 
i*  much  younger  than  the  man, 

A  Stitdji  0/  Longtvily.  bv  Csahl-KS  K.  Chaniii.xk.     Reprinted  from 

tbe  Tranaaction*  of  tbe  Wiacon^Jn  Academy  of  Sciences,  Art*  and 

Letleri.     Vol.  XIV,  Part  I,     iMUcd  September,  1903.  in  advance 

of  general  publication,    pp.  s&-6i. 

The  writer  bits  l>R*cd   bin  work  upon  the  record*  of  eight  latuiliea  , 

eatetiding  back  to  ibc  beginuicg  of  the  xeTeoteenlb  century  and  cos- 

taiuiug  more  than  100,000  names,     from  ilil*  it  appear*  IbHt  there  has 

been   little  if  any  \ffiia   In  re*pect  to  the  piopintiun  of  dvathi  amotiK 

youiig  childten.     Thi*  the  writer  ascribe*  to  the  incrcaie  ol  the  pcrjta 

of  iufHat  life,  due  to  growing  urbaa  populHlion  wbicb  balances  all 

hygieotc  udvancc.     The  median  age  «eem»,  however,  tu  be  advancingi 

Wbich  iu'lkatca  a  ilcctcasc  of  deaths  to  youth  and  early  manhood. 

This  ptrmlta  the  pcMlmistic  view  tbat  our   advance  tn  overcoming 

disease  is  not  wholly  a  bli-sains  because  many  who  by  the  biriicficcul 

working  of  the  taw  of  sarviTalof  the  Gttext  would  hoTc  been  removed 

early   iu  life  arc  now  preserved  to  become  the  pro^enltora  of  feeble 

offspring.     There  is  a  marked  decreaxe  in  the  proportioa  of  people 

■llRiuing  extreme  age,  deapite  the  increase  of  tile  areragc  length  of 

life. 

Tkt  Roott  of  ffealily.  Mug  tnggestiom  for  a  phUctophieat  rt«mitrue- 
Hon,  by  KitM»T  Ukli^ht  Sax.  B.  Grant  Rlcbarda.  London, 
1907.  pp.331. 
Starting  from  certain  postulates  united  on  the  contlileocy  of  con- 
■cloueiii-ss.  the  author  attempt*  to  rough  hew  certain  iudicaliuns  of 
the  diri^ction  in  which  future  phUoitophic  cod «tiuc lions  must  mice 
place  if  they  are  to  be  even  relaiirely  adequate  to  the  needs  of  the  ttp. 
to-date  jihilosophir  mind.  The  author  Is  frankly  htji!  fully  an  tdeatUt. 
although  not  perhaps  in  tbe  form  in  which  idealism  bnt  loomed  I«r- 
geat  for  modern  thought,  but  he  acek*  a  more  ade(|uatc  formnlatlon. 
The  chief  topica  are  the  general  problem  of  conscious  idealUm,  the 
illogieal  and  the  logical  as  the  ultimate  elements,  the  iodividual  con- 
(cioa*nc*s,  reality,  true  and  higher  coniciousnesi.  the  final  goal  of  all 
thing*  and  the  problems  of  mciaphysks.  Tbe  anthor  ia  loval  to,  and 
bo*  a  Bnbdomiuatit  Interest  throughout  in,  sociological  proGlemi, 
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mi&tophie  dtr  VnhtMltn  Materit;    hypothcliichf  D«»tdlBBC der 

ninheit  dra  S(offe»   uud  »rlD««   BrwcxuntfUKCMUcii,  Tea   KXHOUT 

Stahk.     Mlt  yi  Fiinircti.     Barth.  Leipzig,  1907.     pp.  418' 

In  1904'  tliv  Author  puhtiiih«xl  ■  volume  coiitled  Znr  Plillotophie 

dca  Ut'Conic*.  in  whicb  he  dcvcIvpeJ  \\ii  view  that  phy»tcsl  procriiMi 

could  be  •ketchcd  bctweca  the  two  exlremeii  of  mono-  nnd  polv.eneT- 

Ktlc*.  Sii'Cf  then,  much  rnlfaer  Tcvolutlonar^  cxpcri incut*'  work 
•  been  done  anil  a  rer}'  HtinuiUtlii)!  throceiirAl  conttruotio'i  pub- 
llahcd  bj  Snhalka,  whicb  attempts  to  explain  f-tarity.  molccitUr 
energy,  beat,  llfht  ami  cleclficity  lu  a  purely  mccbsakal  and  Btom(»- 
tjc  way.  Stohr  dfflerB  (torn  Ssbnika  in  a»-«unil»E  that  itic  InipeactrB- 
bllity  of  atom*  in  a  problem,  not  u  ceitaiiiiy,  autl  iieroadly,  he  hai  a 
very  different  faruiula  for  the  relation  of  two  ntomi  in  action  upon 
each  other.  In  KCneral,  iuaniiaalc  matter  I*  an  BKKrcKatc,  built  up 
olcleiueul*  of  from  one  to  ■even  orders,  with  ratioON  v  i I1  ratio ns,  timet, 
rotaiioD*,  etc .  Aa  a  whole  hi«  conclnnioii  hardly  may  be  taid  to  take 
too  little  cognliance  of  (be  itcent  cxcellenl  work  done  on  ioDf. 

Tht  Pertialrnt  ProbUms  of  Philosophy.  An  introduction  to  nieta- 
pliy»ic»  throucb  the  «t«dy  of  modem  nyiietaa,  by  Maky  Whiton 
Calkins.  Macmillan  Sc  Company,  New  Yo»k,  1907.  pp.  575. 
Thiti  book,  the  author  frankly  tells  ns.  was  not  written  (o  lure  nn- 
pblloaophical  Btudcut*  Into  the  Acid,  a!lhonf;b  dcaJKucd  (or  beginDer*, 
DNt  is  an  attempt  to  comliiiie  the  enscTiiiHl  fcaiiirrs  of  u  iivslcmatic  in- 
trodnctioa  to  metaphyKJct  with  tboic  of  a  hittory  of  modern  phiIo«a- 
phy.  The  chapter*  arc  ««  (ollown:  The  nature,  types  aiiJ  rslue  of 
pbtlotopby;  Svstcmiof  numerical  plurftllum;  Pluralistic  materiiliim, 
tbe  ayatem  of  Ilobhn;  Pluralistic  spiriiunlism.  the  system  of  I^ibulti; 
Pluralittlc  splritualliatloD,  the  syilcin  of  Berkeley;  Pliiraliiilc  pbe- 
nomenalistlc  tdealiim.  the  system  of  Ilitmc;  An  attack  ttpon  dualliiin 
and  phenomenAlisin,  the  critical  philoiopliy  of  Kant;  Moniatlc  plorsl- 
ism,  the  system  of  Spin<izs:  The  aiivancc  toward  monlitlc  spiritnalistn, 
tbe  systems  of  Pichte,  Sclielliog,  and  Scbopenbaneri  Monistic  spirit- 
ualism, the  system  of  Hegel:  Contemporary  philosophic  system*,  the 
isane  between  plurallltlc  and  monistic  persoiialiitn.  Appendix  con- 
sisting of  biographies  and  bibliography  of  the  modern  rise  of  philoso- 
phy, tiiK^lher  with  snmmarics  and  dincttMions  of  certain  test*. 

PragmaliitH,  a  Htm  name /or  some  old  n/ayi  0/  thinking.     Popular 
itciUTti  on  philosophy,  by  Wit.I.IAM  jAUSil.     Longmans.  Green  & 
C«iiip«tiy,  New  Vork,  igo?-    PP-  3°9- 
We  h«»«  at  last  in  this  volnme  P[0(i;BSOr  James's  exposition  of  ptmg- 
maiiim.     lie  discasscs  what  it  means,  the  present  dilemma  in  philos- 
ophy, some  nietaphyatral  problcma  pragmatically  coiitidered,  the  one 
and  the  many,  pragmatism  and  common  ftense,  pragmatism's  concep- 
tion of  truth  and  retalions  to  humanism  and  to  religion.     Tbe  form 
of  the  book  ia  emineutly  ponnlar  and   this   afli>rdh    ihe   author  an 
opportnotty  to  bring  to  bear  his  remarkHbte  and  cbarmiog  style  whicb 
is  idw*7*  engaging  and  captirnting.     A  fuller  reriew  wilt  follow. 

The  Philosophy  of  GoHhe's  Fault.  hytwiiAiA  Da\td3on.  Edited  by 
Charles  M.  Bakcwcll,  Ginn  &  Company.  Boston,  1906.  pp.  1,^8. 
Though  dead,  he  yet  speaketb.  These  nix  leclnrc*  were  given  in  tbe 
winter  of  1S96  and  in  (hem  Mr.  Davidson  told  what  Paust,  whom  be 
knew  almost  by  heart,  had  come  to  mean  for  him.  lie  believed  that 
tmc  poetry  might  include  all  the  content  of  philosophy  and  much  of 
that  ot  religion  presented  alw*yg  in  concrete  form.  To  him  the  ron- 
teul  of  Faust  meant  the  entire  spiritual  movement  toward  individual 
emancipation  comp«!e-l  of  the  Tenlonic  Refoiniatloii  and  the  lis  I  Un 
Renaissance  in  all  their  history,  ico|ie  and  coa»equenccs. 
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/»  Ihf  Fire  oflkt  ftearl.  hy  Km.ph  Waldo  Trink.  McClnre,  Phillip* 
&  Co.  Ntw  York.  1906.  pp.  336. 
Tbis  boo):  «(«mt  to  be  written  in  the  naihor'*  beat  nj\t  and  t«l1s  as 
how  time  ileal*  viith  cinllctufi,  ilrtcribe*  govern  meats,  gj*MA  place 
tiM>vcm«aU,  ptil>li(-  utiliiicH,  labor,  the  a^ncic*  lot  •UainttiK  tU« 
KTMteil  fcooil,  and  6iiallj-  the  beat  chapter  o(  all.  th«  life  of  the 
Elgber  ideal*  ami  powrr. 

Das  Weseu  des  Mtnuhhehtn  SttUn-  nnd  GHsUtlrhent,  all  Gmttdrist 
ti»er  Phitoiopkit  det  Demkfnt,  ran  IlxKTnot,D  Kkxs.  Bir«cb- 
walit.  Itcrliii.  1907.     pp.  434. 

Tbi*  phytidaB  develop*  a  totuevthat  nniqae  syaiem  of  philoMopli^ 
It)  eiicht  chapter*  whicD  diacuat  the  folloniii);  topics.  The  problem 
of  the  «ati1  himI  the  ntclhod*  a(  •tuilyiiiu  il;  the  fouudalMit  and  th« 
ciMDCc  of  kcowlcdKc;  the  life  of  the  mil;  the  identity  of  the  aoul 
Bii'I  body:  logical  tbov^tbt  ntid  knoirlcdKe:  uoetic  ifauuvlit,  life  and 
dereioptnent;  (he  unity  ol  the  p*>'ch'>-s-rirltiial  procemics of  tenMitioo, 
feclinii.  will  ""d  thoiiKht:  »ipiriliial  frceitoin  nnd  ethics. 

Dtr  Me<haHitmus  dft  Pfnkens,  tod  IIhkdrick  dx  Vribs.  Uit  5 
TexiabbilduRKCD.     ]la{;cr,  1907.     pp.  64. 

After  twenty  vear*  of  ctteful  itudy  asd  reflection,  the  writer 
reached  the  cone) u*iun  that  ihceucitcc  of  IhouKhtcan  b«uiideiatOod, 
knd  the  old  tdea  that  wc  sever  cau  know  what  il  i*.  i*  all  wroni[.  Be- 
ginning with  meitiory,  the  writer  git-cs  u*  a  diOKtam  of  how  he  con. 
ccivc*  It  to  have  bccii  reprctCDtcd  111  the  iiiechaui«m  of  the  optic 
lobe*.  He  then  d«cti1>cs  the  nature  of  Ibe  simple  acil  the  complex 
'  Idea  and  then  comes  to  the  will,  the  ptoc<:*tc»  of  wbich  he  represents 
Id  a  v«ry  complex  and  yet  imellixible  seiic*  of  diagrnin*.  CoiiMriona- 
BeM  il  evolved  from  apecch  and  hi*  tht^ory  on  thi*  topic  jx  expanded 
Into  crrnt  complexity,  taking  it*  point  of  deportdre  (root  the  current 
■chemaiiNms  e4>»ccriiiuK  aphaiia.  In  the  sapplement,  be  dtKU«Mg 
the  centre  at  the  first  and  Mcund  optic  word  image.  WliateTcr  cite 
nay  be  said  of  hi*  conclasiont.  a  few  of  them  arc  certainly  moat 
■timuloting,  origiunl  aviil  iiixent«u«.  01  courac.  in  preiienttnft  aucli 
viewR.  the  writer  ki"'k  '"  beyond  the  Rtandpoitit  to  wliich  he  ia  logl> 
nlly  compelled  by  fact*. 

Social  and  ElMieal  Mfrprttatiom  in  Mental  Dnvloftmml,  a  Hndv  of 

aocial  ptycboloKy.    By  Jambs  Ma^kk  Baldwin.    4th  ed.    Tbe 

Mactiilfloii  Co.,  New  York.  1906.    pp.  606. 

This   fourth   edition   i>   not  materially  altered,  tlic  chaugea  being 

chiefly  additions  of  literary  refcrciicea  and  note*.     The  third  edlltoD 

brouKht  the  work  into  practically  it«  final  cbnpe.     The  anthor'a  f(e- 

netic  logic  in  clo*ely  related  to  thin  book  in  that  il  arek*  to  trace  ttl« 

ineaningof  conaciousoets.     The  re*tt1C  ia  anrntncd   tip  in  the  phinac 

"  the  iixlividual  i*  a  social  outcome  in  a  aocial  unit  and  knowledge  ia 

comtoon  property  nnd  not  a   private  poMcaaion."     This  Ibeaia  totba 

author'*  mind  deitrovs  the  epistcmoIOKical  atomism  and  SQb}cctivl»in  of 

individualistic  theories  of  knowledge  making  f-cTM>na)  loffical  Ibonght 

an  outcome  and  not  a  unit,  {nut  a*  the  &r*t  of   these  truth*  ilestroya 

individualistic  theories  b(  state  and  aociety, 

Grotvth  and  Edtttalion,  by  JouK  Masok  T\xhk.     Houghton,  Mifflin 
&  Company,  Boalon,  1907.     pp.  391. 

The  anlboc  has  collected  here  moch  matter  concerning  the  growth 
of  diflerctit  organ*  and  syatems  which  are  •cattcrcd  tbtough  medical 
journals  or  arc  pnblithcd  in  aepaiatc  tuonofrapht.  lie  assumes 
growtb  to  be  more  Important  than  learning.    Balance  of  organs  ia 
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ImpOrtABt,  and  ritbt  phytic*],  niealm!  aiid  moral  habits.  The  anlhor 
la  a  great  believer  In  the  cducstioual  value  of  the  old  Nei*  Bngland 
firiB.  A  fcencrnl  iden  of  the  acope  of  this  booV  mtj  he  presented  bj 
tb*  loplCK  i>f  the  chapter*  which  are  aa  (ollnws:  IVocnt  atfAn  iu  Kda* 
cation.  Man  in  llie  LiKht  of  Bvululion,  Him*  from  Ruibryalogr, 
Growth  in  Weight  nad  llcigbt  in  the  Neuro-uiuscnlnr  System  and  1B« 
Vlicctfll  Organs.  Moitalitv  and  Motbiclity,  Coiittitution  nnd  Period* 
ot  Life.  The  First  Three  Veart,  The  Kinderjtatlcu  Periorl.  In  the 
Ontnmar  Grades.  In  the  IliKb  School,  rhyatcol  Training,  Play  and 
^OylBDaslic*.  Maiinnl  Training.  An  a  whole,  the  book  la  a  rare  and 
ry  Taluable  combination  of  the  results  of  science  and  of  robuatcom- 
}  mon  aeiite.  It  it  t  book  which  ought  to  be  occcsiiblc  to  every  teacher 
[otall  grildct.  The  title  of  it  give*  only  n  faint  indication  of  ita  raofc 
Ind  scope. 

yydtMHi  stall  fvdopiychologUU  a  pedagogickJ.     C.  S.  HAi.t,.     8e 
.    avoieulm  aulctOTvyin  prelocll    Mauer.     fivodem  proriaf.    Pro(> 
I>r.  PruDt.  Cida.    Praxe,  1906,    pp.  199. 
Setecied  paido-p«ycbo1ogica1  paper*,   ttantlated  into  Ctecb  with 

Errmisfiioti  of  the  aalbor  (Dr.  C.  Stanley  Hall).  IstrodactlOD  by 
r.  I'rnntisek  Cada.  Prague,   1906.     Contents: 

Introiluciiou,  Dr.  G.  Stanley  Hall  and  Hii  Aciivitiea.  i.  Noteaon 
the  Study  of  Infant*.  (From  Fed.  Sfm..  June,  1901.  Vol.  i.  pp.  trj- 
i^)  a.  Some  Aspects  of  the  Early  Sense  of  Self.  (Prom  Am.  Jour, 
^  Pty..  April,  1898,  Vol.  Q,  pp.  ^t-u9.)  3.  Coatcnii  of  Qhlldren'a 
Hind*  on  KDtcrliig  School,  (Krom  fiii.  Stm.,  June,  tSsi.  Vol.  I,  pp. 
■39.173,)  4.  Moral  and  ReliglousTralnIng  of  Children,  (From  Prince* 
ton  RcT.,  Jan..  18S1.  Vol.  10,  pp.  26-48  J  5.  The  Love  iinil  Study  of  Na- 
ture a  Part  of  l^liicatioit.  CProm  Rep.  of  Stale  Hoani  of  Ag,  of  Man., 
1698,  pp.  i34->&4->  *-  Children's  Lies.  (From  Ptd.  Sem.,  June.  iSot, 
Vol.  I,  pp,  3[|-3tS.)  7.  Thir  Ideal  School  a*  Baaed  OB  Child  Stoay. 
(Prom  Fomm,  Sept.,  1901,  Vol.  31,  pj>.  14-19.) 

TbUvalnme  consista  of  a  translation  aod  epitome  of  leveu  of  tbe 
paycbo-pedagogic  pnpers  of  O.  Stanley  Hall  which  have  been  traiU' 
fated  into  BobTtnlan  by  ProleMor  Dr.  P.  Ciila.  The  whole  is  prcfiie«d 
by  a  sketch  of  the  life  of  Dr.  Hall.  This  much  we  gather  from  a  kind 
note  of  Dr.  C^a,  but  we  are  nnablc  to  uiy  more  of  the  book. 

SymtntlrU    nnd    CUUhgewUfil.       An«>tellunK     in    KSnlgl.    Wiirlt. 

Laiidcsgcwerbeniutcain,  Stuttgart,   1006.     Katalog,    im  Anftrage 

der  Kouigl,  Zenttalstcllc  liir  Gcweine  uiid  Handel,  von  GtfSTAV 

%.  PuEAUHitK.    Stnttgart,  igo6,    pp.  i6o-t-i6. 

This  unique  little  book  first  diicuMea  (be  etymology  and  tbe  idea 

loI  aymmetrj  and  equilibrium  In  art.    The  author  turn  nhows  their 

jrecnniTe  forms  Id  nature  and  then  pasaes  to  some  detaiK  of  aym- 

Imetry  fu  drcsa,  arms,  heraldry,  art.  handiwork,  and  shows  the  differ- 

letit    Iteatment   of   symmetry   in   the  conscrTativc  and   opposilloull 

[atyles.    A  number  of  illnstrationa  show  tbe  extreme*  bolbof  ayia- 

Ivctry  and  of  glariug  dcpartare*   from  it.     The  book  as  a  whole  !■ 

[designed  as  a  iupplomeutal  guide-book  through  the  royal  exposition 

(.of  the  muftenm  in  Stuttgart. 

iandbuth  dtr  KunslgtithicAU  tou  Anton  Spkikcxk.  V.  Da*  19. 
lahihutiderl,  Dritie  Antlage.  bearbeitel  uud  ergftnit  von  Max  Os. 
ttoru.  S,  A.  Seeman,  Leipzig,  1900,  pp-  451. 
This  new  volucne  of  the  third  e«lltion  with  ita  490CUI*  and  twenty 
[three  colored  plates  constitutes  one  of  tbe  beat  of  the  aeries  which  aa  « 
rvholc  l>  distinctly  the  best  we  hare  iu  it*  field.  To  act  forth  tbe  bis- 
[torj  of  art  In  recent  years  ta  a  tremendous  task,  etpeciatly  If  one  re- 
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qnlre  bimiclf  to  Miecl  r«pTCseiiUliTF  piclnres  of  all  schooli  Rod  landi 
which  shall  illustintc  the  rhicf  and  tjpical  tenilcnctc*.  While  wc  cmi- 
sot  speak  witli  Ihr  miihority  o(  expertncM  npoii  thb  matter,  the  fame 
■hlch  Ihii  seiiirs  haji  already  att*lDed  and  the  high  quality  make  it 
piobable  that  it  will  not  aooti  be  nnpertcdcd. 

Piyt/ialogy.  gentral  introdutlien,  by  Cbaklss  UiiBBABD  Joso.  Vol. 
I  of  a  MTie*  of  text-books  designed  to  introdacc  the  student  to  the 
mctbodt  and  practice  of  aciciitilSc  paycbology.  Cbsrlc*  Scrlbiicr'a 
SooR,  New  York.  1907.    pp.  389. 

Thcavtbor  ha*  adopted  what  be  calls  the  genetic  in«<taod,  which, 
M  1m  MSea  it,  la  very  (liSereot  from  the  crolntionaTy  method.  Fnoc- 
Hooia]  aecms  10  d>  ■  better  term.  The  ptay*iolO|ncal  conditions  of 
mralal  IKc  have  been  Klrcn  n  conspicuous  pl8e«  and  mnch  attaotioD 
JlftiveD  to  ideation.  The  writer  firm  treats  the  evolution  of  the  ner- 
Tons  system,  then  that  of  man  anil  then  passes  10  a  gciicral  aaaljsla 
of  cooKlouincss.  treatiti);  each  of  the  five  senacs  and  tbclr  rvlationa  to 
apace,  time  and  antty.  lie  then  discusses  itresi  and  expre«s)oti,  in- 
stinct and  habit,  memory  and  Idea*.  lanf(uaf[c,  imaKinatioa  and  the 
formatioD  ot  c«nce|>t*,  concept  of  telf,  impulse  ami  voluntary  choice. 
forms  oi  dissocial  ion  and  praclicnl  applications.  The  book  baa  S6 
illustTaliouE,  the  miwt  nl  which,  howrver.  are  not  new.  To  our 
tblnklof!,  it  i«  la  Kcneral  too  abstract  for  a  beginner's  book.  While 
theie  are  man^,  even  a  Krent  many  illustraltons.  the  author's  Uttdt»ct 
is  too  mncti  in  evidence.  NcvertbrlrM  it  should  be  welcomed.  Bad 
certainly  preaenti  many  things  nor  found  in  other  text*. 

L'Auni*  Ptyehologiqut,  publi^e  par  ALrxno  Bikxt.  Masaon  ct  Cie, 
Paris,  1907.  pp,  495, 
This  volume  of  I'Atia^  contain*  an  nnniual  atimber  of  ori|[lnal 
mamolra.  Some  of  tb«  most  Important  of  these  are  on  tbc  relativity 
of  apace,  the  progTess  of  psychophysics.  perception  of  psychic  facts, 
the  fcIatioD*  between  insect*  antf  the  color*  of  flowers,  work  of  Pawtor 
on  tha  aeereiion  of  the  so-callnl  psychic  saliva,  fvlatlon  batwacn 
medicine  and  pedagogy,  and  between  psychology  and  metaphysics, 
bclwern  (ouch  and  muscniar  sense,  visual  metnorv  of  uoftDal  and  ab- 
normul  children,  muscular  anil  articular  senslbllily,  acctnlsitloa  of 
habits  by  acimsls,  the  wtilinj;  eipcrta  in  the  Drejfui  trial.  Weiimaoa'a 
theory  of  the  )(cnesis  of  inntincl,  Kcleutiric  sladj  and  cipeiitiuiRtal 
work,  mental  enfceblemcnt  in  demcntU  praecox.  senile  dctncutia  and 
general  puralvsis,  chronic  mental  confusion,  the  question  of  nee  in 
psychology,  the  paycho-chcniic  conditions  ot  the  (uuclioninK  of  dct- 
Tous  centres,  the  co-operation  of  the  school  and  the  family,  the dcTcl- 
opment  of  the  problem  of  aphasia,  pain  and  pain  nerves,  aensitive 
tracts  in  the  nervous  system,  sexual  dJmOTphlam  in  plants,  the  modern 
doctrines  of  morals  and  the  psychology  of  thought. 

The  PiytMoricat  Ctinit.*A\\Kd.  by  Lightner  Wltmer.    The  Paycho- 
logicBl  cTiDJc  Press,  Philadelphia,  March  ij,  1907.    pp.  40.    Vol, 
I.  No  (. 
This  is  a  new  journal  for  the  study  and  treatment  of  mental  retar- 
dation and  deviation,  pulilisliiiig  nine  numbers  a  year;   eccb  of  38  or 
more  Jiagcs  at  a  subDcripIiuu  of  |i.oo  per  autiutii.     It  Is  published 
primarily  in  the  interests  of  retonied  and  defective  children  and  will 
take  cogoliance  of  alt  fotnia  of  such  work  for  mentally  and  physically 
abnormal  childreuand  ^outli  and  juvenile  dellnqueuts  and  depend- 
ents, including  the  bhnd  and  deaf.    It  will  appeal  to  those  having 
Shilanthropic  Interests.     Professor   Witmcr   has   for   ten  years  con- 
DCted  a  psychological  clinic.    The  purpose  of  the  moTctuent  which 
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bl«  work  represent*  ia  Jonrfold;  the  iDrcstigBtion  of  the  phcnomcnK 
ol  mental  a«*«lopmeut  of  school  children,  espcciftlljr  tlioac  who  ara 
rctHrded,  and  (3)  a  clinic  inppUmentcd  bf  a  training  achiml  at  the 
hiMpital,  ( 3)  the  olfering  ol  practical  worV  to  thoic  Jiitcrcded  alike  ia 
teaching,  uiedicin*,  social  ODserrHtion  and  training,  aud  (4)  tlic  iralo- 
ing  of  atudenta  for  a  new  profesiion,  ii*mel}>  that  of  the  (Mycbo- 
Iok'chI  expert  whA  Rhftll  make  hii  career  in  connection  with  the 
tehool  svtteiu.  The  fir^t  number  make*  an  attracllvv  appearance,  an 
iatercstinK  ca»e  of  infantile  itamuierinK  in  c  bov  of  twelve  ia  well 
•tnilieil,  a  principal  of  a  Philadelphia  achool  dcaeriMaa  ca«e  of  |nve> 
nlte  delinquency,  the  editor  baa  a  long  article  on  university  courMt 
in  piycholofcy  in  general,  but  with  apecial  reference  to  tbi>  kind  of 
workl  while  there  ia  another  dcpartmenl  of  hook  rcTiewv,  critici«mi, 
DDtea,  newH  and  comment*. 

T^e  miippinf  /oitrnal  0/  Scitna,  edited  bjr  Patti,  C.  Fhssr.     Pnb- 

H«Iied  by  The  Bureau  ol  Science  of  (he  Gorerunicnt  of  the  Pbilip- 

piuc  Island*.    Manila,  October,  1906.    Vol.  1.  No.  8.    pp.  79i-oS. 

The  Philippine  Journal  of  Science,  edited   hj  Paul  C.  Freer,  ia  an 

Important  part,  one  mi^bt  almoat  say,  of  tba  PbllippiHe  qiie^lioii  In 

tbia  country.     Some  of  ita  work  i«  excellently  done.     It  la  geuerall^ 

ralber  more  practical  than  acientifle  in  in  ibukc  and  tcope.    It  11 

plain,  however,  that  the  purpose  ol  the  editors  1*  not  limited  lo  the 

utilitarian  niilc.  but  the  anthropotogy,  folklore,  flora,  faona,  geology, 

rainfall,  etc.,  of  the  inland*  are  included. 

Ot  tke  FltHfiioiu  of  th«  Cerfirum:  tke/ranlal  lo^s,  by  Sbsphbrd 
IVOKV  ViukXX,     Archive*  of  Psychology.     Edited  by  R.  S.  Wood- 
worth.    No.  a.     March,   1907.    Now  York,  The  Scieoco  PrcM. 
pp.64. 
The  author  firat  glrcs  t-omt  account  of  the  frontal  lobea  aa  centre* 
of  motion,  lobibition.  atlentiun  and  intclleclnal  States,  then  deacribea 
>'hii  own  method  and  bis  rc«ult*,  which  show  lots  of  babtl  after  cxtil- 
patiou  of  the  troutsli.  the  effect  of  snrKleal  shock  upon  the  stteiition, 
ilMOciatiuns.  the  retention  of  habit  after  extirpation  of  purtt  of  the 
kcercbrum.  the  formation  of  nisociatioa  after  removal  of  both  Irontal 
I'lobea,  emotloQ,  will,  condition  of  animni*  from  which  the  lobes  have 
I  been  removed  and  tbe  nutrition. 


THB  PROCRBDINGS  OP  THE  PHILADBLPHIA  UF.BTINC  OP 
EXPERIMENTAL  PSYCHOLOGISTS. 

The  fourtb  annual  gathering  of  experimental  psycholoeisu  wo*  held 

at  the  University  of  Pennsylvania  on  April  17111  and  iSlfi,  1907.     The 

I  papera  were  of  a  high  degree  of  excclknce,  ami  thediKuasions  which 

|-lollowed  were  interesting  aud  iUuminattns.    A  novel  feature  of  tbe 

tirogfftfflmc  was  a  round  table  dlscuolon  of  tbe  plana  and  methods  of 
nslrnction  in  paychologj.  The  visltin«pev«bolagUta  were  Invited 
lo  attend  tbe  meeting*  ol  the  .^mericanPhifoaophtcal  SoeJety  wtatcb 
I  were  held  in  Pbllailclpbia  dnrtUK  the  same  wcet,  Profcssar  Wilnief 
I  entertained  tbe  psychologiau  moat  hoapitably  at  the  University  CInb, 
[and  oondiKted  them  on  tours  of  inspection  through  bis  nnninally 
[lKll-«mM4nlcd  laboratory. 

In  tti«  aeaslou  devoted  to  Comparaltre  at»d  Child  Psychology  tbe 
I  following  paper*  were  presented : 

\Statfslics  ■>/  Retardation  in  a  Cily  Sthool  SyiUm,  by  J,  B.  BrvjUi. 
A  MitlMlcal  *tudy  of  data  obtained  from  (cveral  Ibonsand  children 
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of  all  icliool-af^a  aiul  «cbool'^*<lea.  There  cotuca  to  liglit  a  Iborough- 

foiog  parmllelism  bctwcco  ph^akal  anomaly  and  mental  retardation. 
Tblt  paper  has  »luc«  ap)>careil  lit  (all  iu  the  Piyckological  Oinie.'i 

Clinical  Jixaminalion  of  Relardtd  Children,  by  J.  D.  Bbiluak. 

A  deficrlptloD  o(  tlic  mode  of  procedure  followed  iu  the  cxatninnttOD 
of  rctardcil  childrva.  and  a  presentation  of  ccriafu  mull*  oMatiied, 
vrith  illnttratiom  from  indivitlnal  caac*.  The  procedure  consisted  ca- 
•CBtlally  In  obtaitiiiig  from  the  ftchool  rMorda  a  Hat  of  i>e<lBKO){icalty 
retarded  children,  and  the  pieparHlion  of  a  blank  rveord-ahect  for  the 
tyatemattc  enumcrmtJoti  of  data.  In  addition  to  the  mcatal,  pbyaical 
and  uiolor  ittKmata,  IbeM  »heela  iccoidod  aocb  data  a*  bone  and 
family  condition*,  and  school  aiandlng.  The  iadlvHlnal  ca*ea  prc- 
aeatcd  ahoncil  that  the  capacity  of  pcdagogicallv  retarded  cbiltucn 
Bay  vary  betweeu  the  llmita  of  good  mentality  and  bopclcaa  Idfocy. 

(I.)  Individual  t'ariation  in  /tajmiiiliom  and  in  Heltnlion.  b^  B.  J. 
UVXR,  and  (i)  Tht  Aaoaalivt  Ptotttits  of  the  Dog.  Ike  Cat  and 
Iht  Sfuirrtl,  by  S.  S.  Colvik.  (Preaeated  bj  J.  W.  Ilaird.) 
11)  Mr.  Myer'5  investigation  dealt  with  the  difierentiatlon  of  the 
tacmorial  type*  in  school  children,  and  the  relative  mctuoiial  cfficieacy 
of  the  varioua  types.  Hi*  preliminary  work  bad  to  do  chiefly  with  « 
aerie*  of  tc*l*  which  ahoulJ  identify  the  type  present  in  a  given  indi- 
Tidual.  Tbia  was  followed  by  a  aeries  of  exjictimcnts  which  aimed  to 
determine  the  atabilily  and  the  rclntiTe  eScieiicy  of  tbe  diileicnt 
type*.  In  this  preltniinary  lepoft  the  tests  employed  were  described 
and  dcnioimtri.ird.  (j)  ProfcMor  CoUiu'R  rrM-ar.-li  aimed  to  obtain 
quantitative  <leterminatlona  of  tbe  ability  o!  certain  animals  to  dU- 
tin)(uish  color*,  and  to  cstaMi*b  associatmus  between  {^onps  of  me- 
morial material.  A  series  of  boxes  of  uniform  tiie  and  shape,  but  of 
different  colors,  wa*  prennred  and  fnrnisbcd  with  food.  Only  one  of 
tbe  boxea.— the  atandard,— could  be  opened  by  the  animalii.  Alter  a 
preliminary  aeries  of  experiments  during  which  tbe  aninials  learned 
to  select  and  open  the  standard  box,  this  hox  was  exposed  in  various 
eonbinatlona  with  tbe  otbera,  and  tbe  reaction* of  ihcanimaU.— dog*. 
Mts  Uld  *  squirrel,— were  BOtcd.  It  was  louud  that  all  of  the  animat* 
wereable  to  distingnlsb  between  tbe  six  more  prominent  colois  of  tbe 
spectrum,  and  even  between  hut  sllKhlly  different  tonea  of  the  same 
color.  No  color  showed  any  pionounccd  superiority  over  any  other. 
The  result*  also  show  that  the  animals  tested  poises«  a  rapid  acqatai- 
tion,  and  a  fairly  Icnncious  mcnioiy,  (These  two  papers  will  appear 
in  full  in  a  forthcoming  volume  of  lb«  Ptytkotogital  Ktviesp  Mono- 
graph Series, ) 

In  the  session  for  Laboratory  Methods  of  Research  and  IntlincUon 
tbe  following  jMipeia  were  read: 

n*  Control  «/  Ikt  H^PP  Ckronosccpt  in  Psyttiomelry,  by  J.  B. 
Kkauss. 
Expcrimenla  in  the  standardiiatlon  of  con  trot,  instruments  showed 
that  a  fall-screen  can  be  standard i ted  so  thai  it  will  mark  oil  a  time 
interval  correct  to  .ms,  with  a  mean  rHriation  of  leas  than  .3a.  Testa 
with  a  pendulum  abowrd  thai  the  constant  and  the  variable  error  are 
approximately  one. half  as  lari:e  as  those  of  [he  fAll'Scii-cn.  I>Bta  were 
presented  showing  the  degree  ol  uniformity  of  reading  which  can  be 
attalDcd  when  the  IvMruincnl  ia  properly  adjusted.  In  a  acriea  of 
4,000  racords  taken  iu  group*  of  160, — comparisoa  made  between 
chronoscope  and  fait. screen  at  the  end  of  each  group, — the  average 
difiercQCe  between  readings  at  the  beginning  ana  the  end  of  group* 
was  found  to  be  ±  1.0080-,  In  a  sinaller  gronu  of  similar  lecord*  with 
pendntnm  control  tbe  average  difference  was  out  ±.36^. 
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A  Pingtr  PUthyivtograpk.  hy  Hbniiv  H,  Goni>AiiD. 

ThU  Dcwforroof  the  Initrnment  wasiJpiigncil  to*<roid  twodcttCU  (n 
platbTimographii  now  in  uk,  — loi*  of  time  io  adjuiting  to  the  bod^, 
■nd  impoMibilitjr  o(  rcproducitie  cuactlr  a  (ornicr  Biljnilnient.  Tbe 
probletu  ia  tolred  b;  attaching  tbe  ioatrunieat  to  tbc  thutub-URil  by  a 
clip,  and  (hen  niiiutitng  tbe  pnenouitic  lyalem  to  the  ball  of  the 
tlmmb  \fj  mean*  of  au  cAiily  legible  micrometer  RCiew. 

NoU  on  a  New  Mtihod  0/  Prtparing  Cclor  Stimuli  «/  a  Otfimilt 

Saturation,  and  Us  Applicaliom  to  tk*  Stmdy  of  Weoer's  Law,  by 

J.  U.  Lkcba. 

Dr.  llora   awl   Mi»  BUlce.  of  Bryu   Mawr  College,  hare  published 

the  tcRiiIts  of  a  series  of  colorimetiic  deieiroinaiioni  wherein  waa  cm- 

iloyed  a  new  and  logenlona  method  of  preparing  chrnuiAtic  iiiniull. 

'he  Mimnli  were  compoaed  of  ligbt  tianimitted  thtouKh  filti^rs  filled 
with  colored  nolntiona  of  diSerent  compoailion,  and  bI  different  de- 
grees of  euncentratioa.  Tbc  inclliod  I*  coitiiiirtiilnlilr  in  that  it  ptr- 
mils  of  BU  accurate  reprodactiun  und  a  minute  gradation  of  atimnll. 
Proltaaor  Leuba  dcmoimlrated  the  mctboil  in  dcloil.  an'l  pointed  out 
ttuit  it  fomiAhed  the  meana  for  a  new  conficniatioii  of  WrlicrS  Law. 
The  application  of  the  method  gire*  reanlta  which  show  that,  witbio 
llmlta.  th«  amouDt  of  color  aolulion  which  mmi  be  added  to  produce 
a  jn*t  obacrrable  difference  in  color,  U  a  couataut  fraction  of  the 
amount  of  color-aobttance  already  present. 

SludfHl  Apparalui  for  Counts  in  Exp^mtnliil  Ptythotogy,  by  B. 

B.  TWITMVBR. 

A  demoiiBt ration  of  the  methods  employed  at  the  t'niveraity  of 
Pen tU]r Irani*.  B«ch  laboratory  group  1«  supplied  vrlih  a  set  of  appa- 
ratut  which  becomca  the  neraonal  property  of  the  atudeat*.  MauT  of 
the  ioatruinenta  are  doaijcaed  by  Dr.  Twiinifcr,  and  coiialructea  bj 
the  laboratory  mechaoidao ;  tbey  are  simple  in  design  and  remarkably 
efficient  in  op«ratioa>  The  plou  and  scopeol  tbc  conrae  waadeacttbed 
Id  detail. 

A  Dtmonslratiott  of  «  Ch^ap  but  Efficient  Air-Plethyimogrnpk  Con- 
structed Jrom  a  Lamp  Chimney,  by  V,.  C.  Sanfokd. 
Tb«  kU«*  fits  orer  tbe  band ;  it  is  closed  at  oue  end  (tbe  wrist)  by 
a  tblcKbaudatce  ol  putty,  and  at  the  other  end  by  a  cork  filled  with 
glaaa  tubes  for  pucumatic  trans  mission,  and  for  tbe  cqnaliiatlou  of 
air-pressure. 

In  the  session  gircn  to  Research  Problems  the  papers  read  were  as 
follows: 

Memory  for  AisotuU  Pilek,  by  J.  W.  Baihd. 

Tests  made  upon  a  remarkable  cas«  of  pitch  memory  were  dcacrlbed. 
The  viKhty-Fight  notes  ol  tbe  piano,  presented  In  difficalt  order,  were 
IdentiAc^l  with  an  average  error  of  about  (onr  per  cent.  The  distiiba- 
^Uon  of  etrors  showed  the  middle  and  upper  regions  of  the  key-board 
'to  be  most  readily  tilenlified,— a  result  which  was  confirmed  by 
chronoscope  record*  of  reocljon-time*.  Tbc  reproduction  of  tone*  by 
means  ol  Ihe  voice,  sod  the  Slera  Tontntrialor  »bon'cd  a  surprising 
degree  of  accuracy.  Tests  we rr  made  with  tones  of  rarlous  clang- 
tints;  pipe  organ  (Hate,  diapHsou,  leed  and  other  stops),  TbKvarialor, 
taning-forks  (mounted  and  unmounted),  Gallon  whistle,  bells,  glaases, 
rods,  etc.  The  discnuioD  emphnsited  the  importance  of  eliminating 
the  participation  of  relative  pilch  memory  (or  'sense  of  interval')  io 
tbe  mvesligatlon  of  absolute  pitch  memory.  (This  paper  wilt  appear 
Ib  tnll  in  the  Monograph  Supplements.) 
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Tht  Fludualion  e/  Minimal  Visual  Stimuli,  by  C.  H.  Pkkhxk.    (To 
be  publiabed  in  full  in  tbc  AmtrtfaH  loitmalo/ Ptytkology.'i 

Exptrimental  Sluditi  of  Reasoning  Pfoteiits,  by  B.  C,  Samfokd. 

A  d«inaD*tr«tioii  ofsconrcnicnt  method  for  ilie  expeHineutal  lo- 
vcaUkbUoh  of  llie  r«BSO&lag  SToces»C8.  Panics  of  various  !(orU.  ind 
probfemt  involTtng  the  •iniple  ftritbinetkal  opeiatioDB  furnish  c>p«- 
clkllv  appropriate  niaiciiat.  An  cKcrctne  In  long  diviiion,  for  ex- 
ample, is  worked  out  in  full  by  the  cEperlmeater.  who  then  erase* 
certain  fixorc*  from  dmsor,  (iivtdend.  quoticat.  luteTiuediate  proditcu 
ftnd  rcuiaiudcrs,  and  substitutes  crosses  for  tbe  itiiHiuc  figure*.  Th« 
■nMect  isMkcd  todetcnaiii«  what  figure  is  represented  by  «acbcio*i. 
Sum  exercise*  tecilitmte  at  once  the  inspectiou  of  ibe  sunject's  reac- 
tions, and  bis  introapeclionol  bis  mental  procesM*.  Tber«^ult«*bow 
that  habit  plsj^s  a  promiaent  lOle  in  tlte  method  o(  attacking  a  prob- 
Icni,  and  also  marked  indiridunl  vaiiatioBS  of  raethod  (con&rminK  the 
earlier  work  of  l.iiiilley).  All  rrssonlug  proceisca  show  a  tcadeti«j>  to 
conform  to  a  type  of  aKVOciatiou  uniler  limitiug  ooudition*  of  apper- 
ception. The  logical  type  of  the  syllOKisRi  Is  a  formula  which  appljea 
to  mHuy  Mirts  of  lliltigs— as  to  refles  actions  (Pierce) — and  not  at  alia 
true  ilnctiption  of  the  psych  it  a  I  experience  of  inference. 

Fliif4uatio«  o/ A  tuition  to  Cutaneoits  Stimuli,  by  L.  R.  GKtSSLXS. 
(Published  in  full  in  this  number  of  tbc  .>4M<rtViti«yoirn«a/q/'Ayh 
ch«logy.) 

The  Mtlhoii  of  fast  PereepiibU  Difftrenttt,  by  P.  M.  Uxbak. 

[Is  tubject  ii  required  to  ntnke  a  series  of  couspsrisoDS  betweco  two 
■timnli,  S,  aud  S,,  bis  judKmeais  vary  without  any  apparent  order  ur 
isgnlaiity,  so  that  one  IR  uuabic  to  predict  what  the  |udK<l^o'  *>''  ^ 
in  a givea  experiment,  but  iu  a  great  number  of  experiments  each 

indgment  teuds  to  occur  in  a  certain  MrccntiiKCof  all  tbc  cases.  ThU 
ndlcalcs  the  formal  character  of  rRiidoiii  rvciits,  and  we  introduce  the 
notion  of  a  piobsbilitv  of  a  juilfjuienl  of  a  certain  type.  This  means 
that  there  exists  a  defiiiitc  prubability  that  tbc  compariioa  of  the 
stimuli,  S,  and  S,.  will  result  in  tbc  Jadgmcnt  'greater,'  'lets' or 
'equal.'  Thene  pTOliHbilitleii  depend  upon  tne  amoant  of  diflercuce 
between  the  com  pari  sou -stimuli,  and  they  may  vary  if  the  conditions 
under  wbtcb  the  )udi(meiit  I*  (fiveu  sre  chauged.  Ati  analyus  of  the 
experlmeulul  procedure  which  is  called  the  method  of  just  perceptible 
dillcrences  shows  that  for  the  just  perceptible  po&itivediacrcnce  there 
exists  the  probability  yi  that  the  judgment  'gteMtcr'  will  be  given, 
stid  that  there  i-xiil^  the  probability  ^  that  on  the  just  imperceptible 
positive  difference  the  judgment  "greater"  will  not  be  given.  Theo- 
retically ihcsf  ihllctf  "CCS  ate  equal.  »iid  the  cavise  of  Ibe  differences 
which  are  always  found  in  actual  dctcrminstiDns  is  shown.  Similar 
considerations  hold  for  tbc  just  perceptible  and  the  Just  itu perceptible 
negative  difference.  The  juMt  perceptible  negative  difference  is  that 
amount  of  difference  for  which  there  exist*  the  probability  H  thitt  the 
luilgmtiil  'less'  will  he  given,  and  the  Just  imperceptible  tiegntivc  dif- 
ference is  that  diffcrcixc  for  which  there  exiats  tbc  probsbUlty  >]  that 
a  'lc»s'  judRmcut  will  not  be  given.  The  general  noliou  of  a  just  per- 
ceptible diftiTcnce  may,  ihercforr.  be  defined  as  that  amount  of  differ- 
ence for  which  there  exists  the  probability  >j  that  ft  willberccogniicd. 
Now  the  consideration*  which  lead  to  theiie  conclusion*  have  certain 
practical  consequences.  The  first  and  moat  important  is,  that  one  ia 
not  tied  down  to  any  specific  order  of  presentinii  the  pair*  of  compari- 
son atimult.  if  one  records  all  the  judgments.  The  second  conseq^uence 
is  that  one  must  not  always  use  the  same  pairs  of  comparisou-stimull, 
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bnl  tbst  OUC  mu«t  'Tnry  the  i>t«i)a  hy  whicli  one  nppro«cIics  the 
thi««liol(l.'  One  Gnd>,  too,  llifit  tht  accuracy  of  the  niclhoil  of  juiit 
perccptihlc  difference*  conif«rc9  favorably  wilh  tbnt  of  the  method  o( 
tiglit  am!  vfroiig  cftwn,  «inl  llial  il  does  not  requite  ihe  hynolbesU  of 
any  dpccific  Inw  oi  diitriliutlon.  Prom  lliis  it  follow!  that  the  metbod 
of  jn»t  perecptililc  iligerencea  ii  not  ouly  highly  serviceable  (or  all 
piirjioM*  which  do  not  rciiuiie  a  Uicb  ilrgrcc  o(  aeciitiicy,  In  which 
casei  there  i*  little  objection  to  using  it  in  the  form  which  ti  now  in 
114C.  but  alio  tbal  it  m  cap<ablc  of  a  blub  denrcc  of  accuracy.  The 
tbcoTCticdl  con sM era! ions  arc  illDstiatcd  by  the  ccflalta  of  expeiinKDts 
with  lifted  weJ^bta.  The  results  of  the  computattoa  are  compnred 
with  the  ocinal  obMrvations,  aad  it  i»  fonad  that  they  coincide  in  a 
rcniurknbly  bi^b  dcK<c<'>  «vco  when  tbe  number  of  obMiTStlona  i» 
rather  small. 

Tke  Rtlation  of  Oit  Pour  TasU  Qualilies  to  One  Another,  by  J.  W. 
Baiku. 
The  experimental  method  coiicisted  in  cttabHiihinii;  the  Itminal  con* 
centrattons  of  sut.-ai'.  hydrochloric  acid,  *ulphHle  of  quinine  and 
sodium  chloride,  which  coald.  noder  normal  conditions,  be  identified 
ns  Hwcrl.  Rour,  bitter  niid  salt.  Then  after  exhauclion  of  tbe  tkitc 
ofKaus  by  ntroni;  solutions  of  tacb.  the  subject  wai  asked  to  ident- 
ify subliminal  solutions  and  distilled  water.  A  procedure  without 
IcnowIrdKe  wnn  employed,  aiid  j  ccin.  of  each  tolution  w«»  Kivea,— Ihe 
xibjeot  bein);  required  to  wa^b  tbe  Ilqaid  abont  in  tbe  mouth  cavity 
dariuft  the  process  of  idcntilicntion.  Severn!  intercstinj;  rciallo  were 
obtained.  Walet  after  Hwecl  tasted  sour,  after  •our  and  after  bitter 
•necl,  and  after  sweet  bitter.  Subliminal  bitter  was  identified  after 
fUigne  with  sweet,  with  soil  and  occusiounlly  with  tonr.  SublJIulual 
AwMt  »nd  salt  were  identified  after  exhaastion  wilh  bitter.  The»e  re- 
sults indicate  that  bitter  is  not  tincelnted  witti  tbe  other  toitteqnalitJM 
as  KIcjiow  afliniw. 

The  Influence  0/  J\aeiice  ufon  Ihe  Shortening  of  Keaction-Timts 
(.SauH/i  /feaetions).  by  Chaklks  Vtrii.i.KUMiKR. 
Sixteen  hundred  reactions  oblaiued  from  each  of  tour  anbjects  were 
treated  by  seieral  statistical  methods;  the  group  BTcragea  and  tbe 
mcau  variation*  all  show  the  acijniailioti  of  celerity  and  uniformity  of 
reaction  with  the  progress  of  practice.  The  following  table  gives  tbe 
average!  of  groups  of  loo  cxperimenta  for  nil  four  subject*,  the  rcaulu 
being  averaged  initroups  of  :oo: 


1. 

ti. 

III. 

IV. 

ti7.a6ff 
M8.63 

i«-97* 

I35-7T 

111.83 

163- >5* 
139-07 

134- "» 

ia8.»3 

109.6 

"9-95 

"375 

98.4 

108.83 

130.14 

114.13 

96-4 

99-77 
95.98 

ia8.st 

11144 

91.1 

106-54 

106.81 

93.a 

96-73 

113.7 

l« 

94.07 

lOl.t 

in^3 
138.07 

Grand  average,  100.04 

"3-14 

117.33 

The  mean  variation*  vorlei^ 

1  as  follows : 

l6.5J<r 

ao.S4* 
13-67 

31.97" 

i3-9«» 

1449 

ia.j8 
ii.Sa 

ia.41 

I  a.  14 

10.93 
9.0S     ■ 

11.19 

11^ 

10.1a 

9.83 
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9-*0 

"0-S9 
10.33 

977 


8-04 
74? 
S.86 


9.09 
9.9a 
9-77 
9-07 


9>S9 


Cnod  arcf  age,    119  10^  11.76  10.74 

Ptacltce  ahoTteits  the  resctioD-Ume  ani!  it  incmM*  the  nntnbcr  of 
tbow  rcactfoas  which  may  be  called  natmal. 

At  tbcmectiDS"'  the  American  Philosophical  Societrwaa  presented 
the  followinj;  paper: 

Tkf  Egttl  0/  /mpereeftihU  SAaJcui  on  Ihe  JuJgmenl  <^  Distanct,  by 
B.  B.  TiTdtKNKX  aud  W.  H.  Pvt,K. 

This  paper  reported  the  reitult*  of  a  repetition  nod  cstcQuioii  of  the 
work  potalitbed  under  the  Mtne  title  by  DuDlap  in  t900L  Tlie  lAscreer 
iaaakcd  to  compare  the  tcnttths  o(  two  cootionons  fectimiiof  a  hori- 
sontal  black  line  npoo  a  white  K'oniid,  In  certain  aerlM.  unknown 
to  the  obaerrer,  the  experimenter  throws  npon  the  backeround  angu- 
lar  ataadows,  ao  dUpoaed  aa  to  eonvcrt  the  two  IcnKtb*  orthe  line  into 
the  two  parts  of  iba  Hilller-Lyat  iUnsion.  The  question  at  issue  la 
whether  the  imperceptible  shadowi  have  any  infineoce  upon  iadg< 
mctit. 

It  ia  ahown.  firtt,  that  these  siiMimitial  sbiulows,  even  raised 
almoit  to  the  limit  of  pcTccptibilit^.  have  no  ittQucQCre  whatsoever 
npoD  the  JodKinciits  of  dtsUace  paiacd  b;  five  obacivcis.  It  ii  sbowti 
farther,  tiiat  sha'Iow»,  so  weak  as  bareljr  to  bold  their  (oini  distiurt. 
exert  ao  induencv  upon  jadgment.  comparable  with  the  infloence  ex- 
erted by  stioo);  »!iii<low*;  there  U  no  alidin);  icatc  of  illttitoD -effect, 
varying  with  the  clearness  of  contonr  of  the  ill nslon. motive.  It  Is 
shown,  thirdly,  that  the  observer  1*  able,  by  volnniary  direction  o( 
attention,  to  resist  the  solicitation  of  a  strong  tllnsioo-uioiiTe,  clearly 

E resented.  So  much  tbe  more  then  will  be.  under  the  conditions  of 
'Dnlap's  experiments,  resist  the  aolicitation  of  au  ill  u  (ion-motive 
which  he  cannot  sec.  of  whose  presence  in  the  purtiftilsr  experiment 
he  is  ignorant,  and  which  it  left  out  of  acconut  in  the  lustrnctiona 
given  him  by  the  ciixiimcnter.  tl  follows  from  the  whole  inveatina- 
tton  that  if  the  subconscious  is  to  be  received  Into  cxpcrinicntal  pity, 
ebology  at  all,  it  must  find  some  other  means  of  access  than  these 
Inperccptible  shadows.  J.  W.  Baixs, 

UttiTCrsity  of  IlIlBoi*. 
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TAe  Problem  and  Aim  0/ the  Study.     The  present  study 
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I  Biitlon,  and  Ur.  ti«or|{c  Ordabl,  Hellowa  it)  Clatk  Unlvarsliy,  for 

I  their  patient  and  cxp«rt  irork  aa  subject*. 
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ported.'  A  few  studies  made  by  other  investtKators  on  tbe 
analysis  of  the  memory  conscionsness  were  there  briefly  noted. 
In  another  place  an  attempt  was  made  to  outline  what  seemed 
to  me  the  central  problems  in  tbe  geaenl  field  of  memory 
aDilysis.*  For  the  present  purpose  it  wiU  be  sofficient  to 
recall  a  few  of  the  more  general  questions  is  memory  analysis 
with  which  the  present  study  is  chiefly  concerned.  Relatively 
speaking,  nearly  all  previous  memory'  studies  have  dealt  with 
the  quauiiutive  aspect  of  memory,  and  a  much  smaller  num- 
ber witb  the  dclcrmi nation  of  the  types  of  meotal  imagery. 
The  analysis  of  the  memory  consdousneas  is  not  at  all  con- 
cerned directly  with  the  fonner  of  tfaeite  problems,  and  the 
latter  is  only  a  very  small  part  of  its  general  aim.  This  gen- 
eral aim  is  threefold.  First,  the  analysts  of  the  menwr)-  con- 
sciousness into  its  elements.  What  different  kinds  of  mental 
imagery,  what  organic  sensations,  and  affective  states  occur  in 
the  mind  from  the  beginning  to  (he  end  of  the  process  of  the 
recall  of  a  given  thing?  Secondly,  the  dctcrminalioa  of  tbe 
function  in  the  memory  cou.sciousnes:i  of  each  of  these  ele- 
ments. What  is  the  order  in  which  they  appear,  of  what  use 
is  each  in  attaining  tbe  end  that  is  desired,  to  wit,  tbe  rein- 
statement of  the  imagery  that  is  wanted  and  the  recognition 
of  this  imagery  as  correct  or  not?  Thirdly,  since  tbe  end 
product  of  a  recall  process  Is  often  a  memory  illusion,  a  promi- 
nent question  in  memory  analysis  is  that  of  the  nature  and 
causes  of  these  memory  illusions.  In  the  actual  Investigation 
of  memory  these  are  not  independent  general  problems ;  for 
any  study  that  is  aimed  mainly  at  any  one  of  them  will  yield, 
and  needs,  considerable  data  with  regard  to  tbe  others,  the 
second  necessarily  presupposing  results  on  the  first. 

The  resnlt^  of  studies  of  mental  Imagery  hardly  answer  any 
psrt  of  these  general  questions  directly.  In  our  nsnal  think- 
ing we  are  not  ^iven  free  choice  as  to  what  sort  of  imagery  we 
shall  use  in  recalling  things,  because  the  occasion  so  often  de- 
mands that  we  recall  how  a  thing  looks,  or  sounds,  or  tastes, 
etc.  Thus,  for  example,  to  know  that  when  one  is  given  that 
choice  one's  imagery  will  be  visual  in  50%  of  the  cases,  audi- 
tory in  30%.  motor  and  tactual  in  15%.  will  not  tell  us  much 
about  tbe  nature  of  the  memory  content  in  the  total  process  of 
the  recall  of  any  one  given  aspect  of  a  thing.  Furthermore, 
the  mental  imagery  »tudie>i  do  not  tell  us  anything  about  the 
/unriion  of  the  different  elements  (different  kinds  of  imagery), 

*0a  the  Analyais  of  the  Meiuory  Coascloasaaa :  A  Study  in  the 
Mental  Imagery  and  Memory  of  Meaningless  Visual  Porna.  Pi^. 
RCT.,  1906. 

*  Problemi  in  the  Anklysia  of  the  Memorj'  CooMiotKocM.  Joor. 
Pbilo*.,  Pty.,  and  Sci.  Mcth.,  1906. 
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that  enter  sach  a  process  of  recall.  If  I  am  trying  to  recall 
the  nature  of  sounds  I  have  heard  I  must  recall  auditory  im- 
oseO'.  '>ut  It  is  not  likely  that  my  recall  piocess  will  be  made 
op  entirely  of  a  succession  of  auditory  images.  It  will  include 
mo.'il  likely  visual  imagery  of  the  tliinn^H  that  produced  the 
sounds,  verbal  imagery  of  their  uamcs  or  verbal  description  of 
some  of  their  characteristics.  It  might  include  tactual,  gusta- 
tory, and  other  imagery  in  addition.  This  secondary,  non- 
auditory  imagery  which  does  cuter  may  serve  some  purpose  in 
the  total  memory  con.sciousnes5,  or  it  may  not.  In  this  given 
case  of  the  memory  consciousness  for  sounds,  therefore,  our 
double  question  of  aualysis  into  elements  and  determination  of 
function  would  coo.tist  of  determining  what  seooudary  imagery 
does  cuter.  3ud  what  part  it  plays  in  the  reinstatement  of  the 
auditory  imagery  and  in  the  recognition  of  il.H  correctness. 

There  are  certain  conditions  which  we  know  beforehand  will 
determine  in  part  both  the  kiud  of  secoudary  imagery  that 
will  enter  a  recall  process  and  its  function.  The  first  of  these 
is  the  sense  department  in  which  the  perceptive  experience  is 
given.  A  second  is  the  degt^ee  of  complexity  and  the  famil- 
iarity of  the  material  to  be  recalled.  A  third  is  the  time 
interval  since  the  original  perceptive  experience  and  the  fre- 
quency of  intermediate  recalls.  A  good  many  others  might 
be  added,  but  these  are  the  main  ones.  In  the  previous  study 
referred  to  above  itieaningless  visual  forms  were  used,  a  group 
of  which  the  subject  committed  to  memory  and  recalled  sev- 
eral times  with  detailed  introspectiou  and  with  increasing 
time  intervals  between  the  succe«ive  recalls.  lu  the  present 
study  pictures  of  familiar  objects  were  chosen  because  they  pre- 
sent, as  regards  associated  meaning  and  fainiiiarity.  a  wide 
contrast  to  meaningless  forms.  The  two  classes  of  material 
together  cover  fairly  well  therangeof  differences  in  this  inspect. 

In  the  present  study,  as  in  the  previous  one.  the  question  of 
the  function  of  the  secondary  and  oiber  associated  imagery 
that  entered  the  recall  proce**  wiis  kept  in  the  foreground, 
but  the  pictures  of  familiar  objects  offered  the  possibility  of 
more  and  greater  variety  of  imagery  than  was  the  case  with 
the  meaningless  forms.  The  objects  represented  in  the  pic- 
tures, as  may  be  seen  in  the  cuts  given  below,  were  such  as 
might  appeal  to  all  the  special  senses.  Thus  in  the  recall  of 
some  there  was  given  the  possibility,  at  least,  of  verbal,  audi- 
tory, tactual,  motor,  gustatory,  and  olfactory  imagery  of  the 
things  repre.4euled:  and  this  might  appear  in  the  recall  process 
either  before  or  after  the  visual  image  had  been  reinstated. 
But  it  may  be  stated  at  once  that  as  a  matter  of  fact  auditory 
imagery  enterexl  only  a  few  times,  and  then  only  in  the  case  of 
one  subject,   and   tactual,  gustatory,  and   olfactory  imagery 
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never  entered  at  all.  This,  then,  is  so  for  a  characteristic  of 
the  recall  of  the  visual  aspect  of  things,  In  the  aniUysix  of 
the  recall  process  as  such  we  shall  be  coocemed  alone  with  th« 
deuiled  description  of  the  nature  and  function  of  other  osso* 
ciatcd  visual,  %'eibal,  and  motor  imagery,  and  shall  consider 
bow  these  were  inSuenced  by  the  lapse  of  time  and  the  repeti- 
tion  of  recall.  To  this  will  \k  devoted  section  C  of  the  ouiiitie: 
"The  Subjects"  Methods  of  Kccalling  a  Picture  as  a  Whole." 
After  the  recall  of  the  visual  image  of  the  picture  as  a  whole 
has  been  considered,  we  shall  prot.'ccd  to  the  description  of  the 
recall  of  its  further  details.  Here  t  shall  take  up  especially 
what  I  have  called  the  "criteria  of  correctness,"  which,  as 
will  be  seen,  was  an  essential  factor  in  the  process  of  recall, 
09  welt  Its  in  the  recognitive  consciousness,  using  this  last  term 
in  a  w^ide  sense.  The  complete  ^'isual  imagery  of  a  picture  as 
finally  recalled  was  often  wrong.  These  inaccuracies  wilt  be 
talcea  up  in  the  section  on  "Changes  in  the  content  of  the 
imagery,"  and  their  causes  discussed. 

2.  Method  of  Study  and  Proeedure.  Two  groups  of  pictures 
were  used,  and  five  subjects  participated  in  the  experiment.' 
The  cuts  show,  on  a  slightly  reduced  scale,  the  character  aud 
the  arrangement  of  the  pictures  in  the  groups.  They  were  io 
black  and  white  and  tbc  square  spaces  for  the  individual  pic- 
tares  were  square  inches. 

In  making  the  experiment  a  group  was  placed  before  one  of 
the  subjects  at  reading  distance  otid  he  was  given  from  six  to 
twelve  minutes  in  which  to  commit  it  to  memory.  He  was 
told  beforehand  what  the  later  procedure  in  the  experimeot 
wnuld  be,  and  that  he  .should  attend  to  the  detail.t  in  the  pic- 
tures as  much  as  possible  in  the  lime  allowed.  During  the  six 
to  twelve  miuutes  be  was  told  when  half  his  time  bad  passed, 
and  again  when  only  one  minute  was  left  The  subject  did 
not,  after  this,  see  the  pictures  again  at  any  time.  Imrae* 
diately  after  memorizing  a  group  the  first  introspective  recall 
was  required.  The  method  of  study  and  analysis  was  entirely 
that  of  introspective  observatiou.  In  this  immediate  iutro* 
spective  recall  the  subject  was  first  asked  to  describe  in  detail 
how  he  went  about  memorizing  the  group,  and  then  to  recall 
the  individual  pictures,  one  at  a  time,  giving  the  order  and 
nature  of  the  imagery  for  each,  the  presence,  character  and  use 
of  associations,  etc.  This  process,  except  the  questions  on 
how  the  picture.%  were  memorized,  was  repeated  three  times 
ader  this  with  increasing  time  Intervals,  several  days  inter* 


>  Af  Id  the  (ormcr  sttidy.  tb«  writer  was  the  tttbjecl  in  a  (ew  weeki 
o(  preliraiiiaries  to  dctermlae  mloor  matters  of  proc«dnre,  and  was 
Iso  one  of  the  *ubiecti  in  tbc  reguhtr  experimeat  later. 
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veiling  hctween  the  immediate  Rn<J  the  second  recnll,  about 
ten  days  between  the  second  and  third,  and  about  four  weeks 
betn-een  the  third  and  fourth,'  In  all  but  the  immediate  recall 
the  procedure  was  divided  into  the  two  following  parts:  The 


subject  was  first  asked  to  recall  the  group  as  a  whole,  uaoiing 
the  pictures,  but  not  stopping  to  recall  anr  details,  letting  the 

I  Tbc»c  ialerralii  varied  »oinewliat,  a*  a  Hgid  adherence  to  untform- 
Ji^  would  hAT«  ioTOlTcd  gr«at  Jnconrenicncc  to  the  >ubj«cta.  But 
notfaioK  in  tlie  espetinKnt  re(iuir«<l  frratcr  nuiformitj  tb*D  was 
sec area. 
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racatl  lake  its  own.  passive  coarse.  When  introspection  on 
this  was  completed,  which  re^juircd  giving  the  order  nnd  □«- 
tore  of  the  imagcrj-,  and  the  use  made  of  it,  foresch  picture, 
he  was  asked,  secondly,  to  recall  each  picture  in  as  much  detail 
and  as  well  u  possible  nnd  to  give  his  observations  as  before. 
In  this  part  one  picture  was  taken  at  a  time. 

The  whole  procedure  was  carried  through  with  the  two 
groapa  of  pictures  and  five  subjects,  excepting  that  two  of  the 
sabjecta  bad  only  one  fcroup  of  pictures  each,  and  for  the  last 
two  Ktibjects  tbe  upper  three  pictures  in  the  first  group,  and 
the  lower  three  in  the  second  group  were  removed,  and  the 
lime  for  memorising  them  was  shortened.'  The  aim  was  to 
allow  for  the  memorizing  just  sufficient  time  to  insure  ready 
recall  of  all  the  picture  at  the  &r.<it  sitting.  Usually  then  some 
would  be  entirely  forgotten  by  the  sccood  or  third  sitting. 

B.    SuBjKCTs'  Methods  op  LxAsinNG  the  Matrrui^ 

How  one  will  recall  what  he  has  memorized  depends  neces* 
sarity  in  the  fin>l  place  on  how  he  has  gone  about  committiog 
the  things  to  memory.  The  kinds  of  associations  and  second- 
ary imagery  he  will  use  in  recall  will  depend  ou  the  kinds 
made  uHe  of  in  learning  the  material.  An  analysis  of  the 
latter  will  therefore  always  throw  some  light  on  what  occurs  In 
the  recall  process.  One's  method  of  memorizing  any  given 
material  will  depend  again  on  a  number  of  conditious,  the 
more  prominent  among  them  being  the  natnre  of  the  material, 
and  the  manner  in  which  it  is  presented.  Generalizations  on 
this  point  cannot  be  made  a  priori,  but  a  few  general  sugges- 
tions from  analyses  already  made  will  help  to  give  more  meaa- 
tng  to  the  following  description  of  what  occurred  in  the  sub- 
ject'.s  mind  while  memorizing  the  group  of  pictures,  in  other 
words,  to  his  methods  of  learning  the  material. 

If  material  for  memorizing  is  presented  to  one  iiense,  the 
subject  has  always  the  choice  of  using  or  of  not  using  mental 
iiDBgery  from  other  senses,  motor  processes,  and  verbal  de- 
scriptions in  committing  that  material  to  memory.  If  we  call 
these  latter  atdt  in  memorizing,  he  may,  further,  give  more 
attention  to  the  aids  than  directly  to  the  sense  field  in  which 
the  material  is  presented.  If  the  material  is  visual,  be  may, 
for  example,  give  more  attention  to  learning  the  names  and  to 
\*erbal  description,  or  some  other  aid.  than  to  the  visual  a-spcct 
of  the  things  presented  and  to  visual  imagery.  From  studies 
previously  made  it  can  be  said  safely  that  the  subject  will  nse 

'Tbe  number  In  a  Kroup  wa«  detcrmtncd  simply  by  the  tl 
qalted  for  tbe  introapective  tccbII.  A  croup  of  filteen  made  * 
of  ail  hour  nod  n  balf,  which  wa«  foooa  too  latigaie|{. 


luaies  ^ 

illnfte  ^1 

me  re-  I 

sittiBK  ■ 


HSKOKY  COIfSCIOCS!(S5S. 


395 


quite  different  aids,  and  use  them  in  different  ways,  according 
as  the  uisterial  is  visual,  auditory,  olfactory,  etc.  Similar 
statements  can  be  made  in  regard  to  the  dei>en<Ience  of  the 
methods  of  learning  on  the  complexity  and  familiarity  of  the 
material,  in  whatever  sense  department  it  is  presented.  Also, 
the  way  of  presenting  the  material  will  determine  in  part  the 
procedure  of  the  subject.  If  the  different  things  in  a  group 
or  list  are  presented  simnltaneoualy,  he  will  do  differently 
from  what  be  will  do  when  tbey  are  presented  successively. 
Simultaneous  pre-sentation  favors  the  use  of  ft.-i.sociations  among 
the  objects  presented,  and  will  also  make  the  subject  volun- 
tarily divide  his  time  between  perception  of  material  and  trial 
recall,  A  goud  many  other  matters  of  this  sort  might  be 
mentioned.  But  this  is  not  necessary,  if  it  is  clear  that  an 
exact  analysis  of  all  that  the  subject  does  while  memoriz-ing 
the  material,  when  all  the  conditions  are  taken  into  account, 
sboald  be  made  and  kept  in  mind  in  order  to  help  the  under- 
stmoding  of  many  things  about  the  recall  process.  Some  mat- 
ters about  the  methods  of  learning  arc  quite  naturally  so  general 
as  to  be  independent  of  the  particular  subject  and  of  many  of 
the  alterable  conditions  of  the  experiment.  Others  arc  en- 
tirely dependent  on  some  minor  point  in  the  procedure.  The 
following  aualysU  of  the  subjects'  methods  of  learning  ihe 
material  includes  all  the  details  that  were  definitely  estab- 
lished in  the  present  series  of  experiments. 

Without  an  exception,  the  subjects  learned  the  pictures  in 
order  from  left  to  right  in  the  horixontal  rows,  and  the  rows 
firom  the  top  downwiirds.  The  regular  arrangement  of  the 
pictures  eliminated  almost  entirely  any  effort  to  commit  to 
memory  the  portions  of  Ihe  individual  pictures  in  the  group. 
This  took  care  of  itself.  It  contributed  further  to  the  ease  of 
memorizing  by  readily  permitting  associative  grouping,  and 
by  fixing  at  once  a  definite  order  of  procedure.  Also  without 
any  exception,  the  subjects  alternated  learning  with  trial 
recalls  several  times  during  the  six  to  twelve  minutes  allowed 
for  memorizing.  To  determine  in  this  way  what  oould  already 
be  recalled  and  what  needed  further  special  attention  usually 
took  nearly  half  of  the  total  time.  While  looking  at  tbe  pic- 
ture.H  the  attention  was  always  predominantly  directed  towards 
the  visual,  visually  noting  what  the  pictures  were.  Simultan- 
eously naming  them,  .md  to  a  much  less  extent,  describing  de- 
tails, might  then  incipiently  accompany  the  visual  process,  or 
the  subject  might  voluntarily  attempt  to  keep  in  mind  the 
names  as  be  proceeded.  In  either  case,  the  attention  went 
first  to  the  names  in  the  trial  recalls.  With  only  one  exception 
(one  subject  for  one  group  of  pictures)  the  effort  in  the  trial 
recalls  was  to  get  first  of  all  a  scries  of  names.     Whether  or 
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aot  be  voald  visaalize  the  pictures  at  all  when  going  over  tfait 
series  depended  nn  the  subject.  The  reason  for  this  attempt 
to  get  a  series  of  names  was  varioasly  given.  It  was  for  the 
mI^  of  preventing  forgetting  any  of  them  altogether,  or  be- 
canse  il  was  easier  to  recall  the  names  than  to  visualize  the 
pictures  successively,  or  for  the  sake  of  fixing  the  order  of 
the  pictures.  The  first  seems  to  have  been  the  main  one. 
The  ability  to  recall  all  of  them  in  some  form  was  first  sought 
for.  Only  after  thb  could  be  done  would  attention  be  paid  to 
the  details  of  the  individunl  pictures. 

Noting  visually  what  the  pictures  are  and  their  details  is 
properly  regarded  as  the  direct  method  of  making  certain  the 
recall  of  their  visual  images.  The  aids  to  this  direct  process 
were  then,  first,  the  names  that  were  always  associated  with 
the  pictures.  Verbal  description  of  the  detalLs,  which  was  ■ 
quite  common  aid  with  the  meaningless  forms,  occarred  so 
rarely  with  the  &miliar  pictures  that  it  may  be  left  out  of  con* 
^deration.  Secondly,  associations  between  picture  and  picture 
(depending  more  on  the  subject  than  on  the  nature  of  the  pic- 
tures) were  freqnetitly  aids  jn  meinorir.ing  the  latter  so  that 
DOoe  would  be  forgotten  as  wholes.  Associations  were  mtich 
has  sought  for  than  was  (he  ca.se  with  the  meaningless  forms: 
were  much  more  cbmIv  obtained,  coming  in  usually  of  them- 
selves and  iu  unex]>eclt:d  ways;  and  were  of  a  larger  variety, 
toost  of  them  being  of  a  different  nature  from  thase  used  io 
the  memory  of  meaningless  forms.  Taking  a  distinctly  psy- 
cfaological.  rather  than  a  logical  point  of  view,  they  fall  into  a 
number  of  classes:  ( i)  A  mere  felt  connection  between  two  or 
more  pictures.  The  subject  would  not  he  abte  to  report  in 
what  way  they  were  connected,  or  anything  further  about  the 
nature  of  the  association  beyond  the  statement  of  the  presence 
of  this  emotional  reaction  aroused  by  regarding  the  [Hctures  in 
question.  (2)  Putting  several  together  into  one  cla.ss,  de- 
scribing them  by  one  adjective  or  phrase.  Accompanying  this 
classifying  was  an  emotional  reaction  of  the  simc  general  na- 
ture as  above.  In  just  a  few  cases  there  was  introduced  in 
addition  an  extra  visual  image  that  in  some  way  represented 
the  class.  For  example,  gl»ve.  sn'isors,  and  muffvicre  asso- 
ciated with  'millinery,'  and  a  millinery  store  was  visualized. 
Teet^,  ckild,  and  tye  were  associated  with  'things  pertaining  to 
bumau  beings,'  and  a  person  visualized.  (3)  Putting  several 
together  as  parts  of  one  complex  scene.  In  this  a  visual  image 
of  a  complex  scene  was  used  in  which  the  things  represented 
by  the  several  pictures  associated  were  present  as  parts.  Thus. 
/ena,  and  eow  were  associated  by  a  vi.inal  image  of  a  cow  in  a 
pen,  of  a  cow  fenced  in.  Pump,  tiartd.  and  bulterfiy  were  asso- 
ciated by  the  %'isual  image  of  the  subject  pumping  at  a  hand- 
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pump  witli  a  butterSy  sitting  on  the  ground  nearby.  In  this 
class  a  verbal  descriptive  phrase  tnigbt,  or  might  not,  accom- 
pany the  visual  scene.  (4)  Combining  the  names  of  the  pic- 
ture-* into  0  pbiase  or  a  sentence.  Note,  dog,  and  bed  were 
combined  into  "The  dog  knows  his  bed."  Teeth,  child,  and 
O"' were  combined  into  "Idol's  teeth."  regarding  the  child  as 
a  doll  for  this  purpose.  (5)  With  any  individual  picture 
variotia  assodaiive  suggestions  might  occur  without  in  any 
way  connecting  that  picture  with  another.  Excluding  the 
names  of  things  in  the  pictures,  such  a.ssociatiofis  with  indi- 
vidual pictures  were  much  more  loosely  connected  wilh  the 
images  of  the  pictures  than  were  the  others,  They,  as  a  rule, 
did  not  seem  to  be  an  integral  part  of  the  total  complex  in- 
volved in  the  recall  of  tbe  visual  image  of  a  picture  and  were 
tegsrded  by  the  subject  as  "mere  suggestions." 

C.    St;Bjxcr&'  Mkthods  ov  Rhc&lung  a.  Pictubb 
AS  A  Whols. 

In  this  .VKTtion  will  be  considered  the  nature  of  tbe  mental 
content  in  the  proccssof  recall,  and  its  function  iu  that  process, 
when  an  attempt  IS  made  merely  to  recall  the  pictures  as 
wholes,  not  stopping  to  recall  any  details  of  the  visual  imagery 
of  the  pictures,  A  consideration  of  the  changes  dependent  on 
the  la]i«e  of  time  and  the  repetition  of  recall  will  also  be  in- 
cluded. \Vc  shall  be  concerned  entirely  with  the  aids  to  recall, 
for  the  kinds  of  aids  that  the  Mibject  uses  and  the  way  In 
which  he  uses  them  constitute  his  method  of  recall  for  the 
given  conditions.  In  ca.se  of  the  immediate  recall,  the  recall 
process  was  in  a  vcr>'  general  way  a  repetition  of  what  occurred 
is  the  mind  of  the  subject  while  looking  at  the  group  of  pic- 
tures and  during  the  trial  recalls  wbile  memori/.ing  Ibem;  the 
same  kinds  of  imagery,  tbe  same  aids,  reappeared  in  the  im- 
mediate recall  in  about  the  same  way.  But  even  in  this  imme- 
diate recall  there  were  some  significant  cbauges  both  by  way 
of  omissions  and  of  additions,  wbile  in  tbe  later  recalls  the 
wbc^  process  was  often  quite  diflerenl  in  content,  and  in  the 
function  of  the  elements  in  that  content,  from  the  original 
learning  process.  The  analysis  of  that  part  of  the  recall 
process  that  will  concern  us  in  this  section  will  have  to  do  wilh 
the  following:  ( i )  Some  factors  determining  the  order  of  recall; 
(2)  the  association.^;  (3)  verbal  imagery;  (4)  certain  visual 
antecedents,  that  were  not  visual  imagery  of  the  picture  itself. 
The  term  'associations'  is  used  here  in  a  restricted  sense. 
Only  the  mental  content  that  was  classed  under  ''as-wciations" 
above,  and  which  was  divided  into  6ve  different  kinds  of  asso- 
ciations, will  be  considered  under  this  heading.  The  nature 
of  the  results  makes  this  method  more  couvcnieot  than  the 
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stricUf  logical  one  which  would  place  nearly  all  the  meaos  of 
recall  under  the  heading  ni  a.t>ocialion.>). 

I.  S^me  Fadors  Dttfrmining  the  Order  of  Retail.  As  al- 
ready stated,  at  each  silting,  excepting  the  first  one  for  a 
(Cioiip.  the  subject  wax  a»k«d  hnx  of  all  to  recall  all  the  pic- 
tnrcs  while  rcmaiDing  in  a  semi-passive  mood,  lettiug  the 
recall  take  its  own  course.  He  was  requested  to  use  a  special 
eflort  only  in  inhibiting  the  recall  of  details  of  any  one  picture. 
if  such  a  tendency  should  appear.  The  object  of  this  was  to 
delertnine  the  general  meclianiitai  of  recall,  as  it  would  appear 
in  the  difference*  in  the  spontaneity  of  the  imagery  for  different 
pictures,  in  the  diSerent  classes  of  imagery  for  any  picture, 
and  in  the  prcxnce  and  use  made  of  as!iociations.  With  this 
procedure,  the  order  in  which  the  [»ctures  were  recalled  he- 
comes  signiticnnt.  It  shows  some  of  the  factont  that  are  at 
work,  and  something  about  their  relative  efficiency  in  pro- 
ducing again  the  visual  images  of  the  pictures. 

The  general  fact  In  regard  to  the  order  of  recall  was  that  at 
the  first  sitting  the  pictures  were  always  recalled  in  the  definite 
order  in  which  they  had  been  learned,  from  left  to  right  and 
from  the  top  downwards.  At  the  second  recall  this  order  was 
already  considerably  broken  up.  At  the  third  and  fourth  re- 
calls it  wa.'«  changed  still  more,  so  that  in  individual  cases 
little  or  nothing  of  the  origiual  order  could  be  detected.  Ar- 
ranged Id  a  tabic  of  diKlribuIion,  nil  the  casc:t  taken  together 
show  only  a  general  tendency  to  recall  the  pictures  in  ihe  order 
in  which  they  were  learned,  the  rule  being  that  any  individual 
picture  was  more  often  than  not  recalled  out  of  its  exact  order, 
but  in  the  majorit)'  of  cases  not  much  out  of  its  order.  A 
minor  tendency  to  recall  them  in  the  reveRw  order  is  then  also 
detectable. 

The  order  of  learning  was  evidently,  in  the  first  plaoe,  de- 
termined in  part  by  the  reading  faabtt.  Also,  in  the  recall  there 
was  soineiimes  present  a  general  visual  image  of  the  rectangular 
group  of  s<iiiarcs  in  which  the  picUire.-s  were  placed.  With  the 
presence  of  such  a  visual  image  the  reading  habit  would  in- 
cline the  recall  to  lake  tlieorder  of  the  learning.  This,  because 
of  the  thoroughness  with  which  the  reading  habit  is  fixed, 
must  have  beeu  a  more  or  less  constant  factor.  The  order  of 
recall  was  then,  in  the  second  place,  fixed,  of  course,  through 
the  working  of  the  principle  of  contiguity.  This  was  possible 
in  two  more  or  less  independent  ways.  First,  in  giving  a 
definite  .sequence  of  visual  images,  and  secondly,  in  giving  the 
same  sequence  in  the  series  of  names.  Against  these  factors 
the  influence  of  others  finally  broke  np  the  original  order  of 
recall,  The  nature  of  the  results  as  a  whole  makes  it  rather 
evident  that  this  was  due  more  to  a  recession  of  the  former 
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lacTcase  in  the  inherent  iufluence  of  the  antagoniz- 
ia^%SI6n.  Of  these  Isttcr  several  can  be  nuide  out  with  cer- 
tainty. ( 1 )  There  was  a  difference  in  the  inherent  spontaneity 
of  the  imager>-  for  the  diSerent  individual  pictures.  Aside 
from  associative  connections,  of  special  interest,  of  position,  or 
of  any  other  factor  that  could  be  detected  by  introspection,  the 
images  of  some  pictures  came  up  more  readily  than  others  and 
tended  to  come  up  before  others,  (a)  An  association,  appar- 
ently from  n  variety  of  di^erent  cauHeti,  might  have  a  special 
prominence,  be  recalled  first,  aod  with  it  the  pictures  it  in- 
volved. In  a  good  share  of  instances  the  subject  consciously 
sought  for  the  associations  when  the  visual  image  of  none  of 
the  pictures  rose  at  once  directly.  Again,  in  a  number  of  in- 
stances the  association  was  related  to  acme  personal  experience 
of  the  subject,  giving  it  a  special  spontaneity.  (3}  A  general 
visual  image  of  the  positions  of  the  different  pictures,  which 
was  much  aided  by  tbe  regular  arrangement  of  the  squares,  in 
the  majority  of  cases  preceded  the  recall  of  individual  pictures. 
Whea  for  any  reason  a  picture  was  recalled  out  of  its  order, 
there  was  a  very  strong  tcndencj' to  recall  next  tbe  one  next 
to  it.  In  this  tendency,  however,  when  the  original  order  had 
once  been  broken,  tbe  one  that  followed  the  picture  in  <)ue.<ition 
in  the  original  order  was  shown  no  noticeable  preference  over 
others  next  to  it.  There  seemed  to  be  a  tendency  to  ^t  bacic 
to  the  proper  starting  place,  an  expression,  undoubtedly,  of  the 
tendency  to  follow  the  reading  bablt  which  was  made  possible 
by  the  presence  of  this  general  visual  image  of  positions,  but 
which,  in  this  case,  broke  tbe  original  order  still  more  instead 
of  helping  to  preserve  it.  The  objective  results  and  the  sub- 
jects' introspections  agree  in  making  this  general  visual  image 
of  the  arrangement  and  poiiitiotLi  of  the  pictuie.-i  a  considerable 
lactor  in  determining  the  order  of  recall.  By  inference,  it 
would  seem  that  this  factor  probably  also  accounts  for  the 
slight  tendency  to  recall  the  group  as  a  whole  in  the  reverse 
order. 

2.  The  Ais«iatiffni.  (a)  Their  Uses.  Twenty-four  cases 
of  associative  connections  that  were  made  among  the  pictures 
while  committing  them  to  memor>-  were  of  such  a  nature  (hat 
the  history  of  each  could  be  traced  through  the  four  successive 
recalls.  In  the  prcscut  description  the  figures  that  are  given 
arc  based  on  these  cases  only. 

The  function  of  the  associations  needs  to  be  considered  only 
in  the  actual  recall  of  the  pictures,  and  it  is  assumed  that  when 
the  subject  was  conscious  of  the  as.<)ociation  before  the  visual 
image  or  name  of  the  pictare  appeared,  the  association  then 
assisted  in  the  recall.  It  might,  of  course,  appear  after  the 
recall,  and  then  add  to  the  recognitive  certainty  as  to  the  cor- 
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(b)  Their  Chang;es.  The  fieiieral  character  of  the  associa- 
tioDS  in  tbe  successive  recalls  indicates  that  llic  two  or  three 
pictures  that  are  thus  couaected,  together  with  the  imagery  of 
the  associations,  constitute  a  complex  of  some  def^ree  of  uiii- 
tariness.  The  pictures  'belong  together,'  seem  somewhat 
separated  from  the  rest  in  the  seikse  of  possessing  cbaraclerislics 
that  the  others  do  not  share,  the  transition  from  one  element 
in  the  complex  to  the  other  is  ver>-  easy,  and  most  of  all.  there 
goes  with  it  an  affective  tone  that  is  characteristic  of  these 
other  qualities.  The  complex,  howcvor,  is  a  loose  and  very 
unstable  one.  In  any  given  recall,  the  repetition  of  such  a 
complex,  just  as  it  had  appeared  in  the  previoos  recall,  was  a 
very  rare  occurrence.  These  changes  may  be  considered  under 
two  clsuues.  FirHt.  those  talcing  place  iu  the  arranjiement, 
relative  promineucc,  and  number  of  elements  Jn  the  imagery 
of  tbe  associations  themselves.  Second,  disregarding  this  first 
clas-s  changes  in  the  way  and  point  at  which  the  as^sociations 
came  in.  Considering  the  latter  first,  the  results  show  a 
process  of  a  gradual  elimination  of  tbe  associations.  The  fig- 
ures given  above  show  that  a  good  many  thiit  were  nscd  in  the 
recall  on  the  first  occasion  were  not  so  used  in  the  later  recalls. 
Bat  there  arc  inlemicdiate  stages  before  they  disappear  alto- 
gether. Allowing  for  many  exceptions,  the  order  is  as  follows: 
(i)  The  association  comes  in  before  any  of  the  several  a.sm- 
dated  pictures  are  recalled,  (a)  The  association  appears  after 
the  first  or  second  picture  is  recalled.  (3)  Tbe  association 
appears  after  all  are  recalled.  (4)  It  does  not  appear  at  all. 
"raking  tbe  twenty-four  cases  of  assodatioas  used  in  tbe  first 
recall,  and  in  the  first  of  these  four  ways,  through  the  second 
to  the  fourth  recalls  gives  72  instances  iu  which  these  assoda- 
tions  might  have  been  used  in  the  last  three  recalls  as  they 
were  in  the  first.  But  in  the  last  three  they  appeared  in  the 
four  ways  indicated.  Thdr  distribution  for  these  four  ways  is 
as  follows: 

(I)  (»)  (3)  (4) 

43%  2*%  14ft  »«» 

The  other  class  of  changes,  tbe  changes  in  the  imagery 
that  consliluled  tbe  associations  themselves,  were  equally 
prominent,  and  the  direction  of  the  changes  with  the  lapse  of 
time  and  tbe  repetition  of  the  recall  could  also  be  definitely 
traced.  The  predoiuiuunl  tendency  was  that  of  a  rapid  simpli- 
fication of  the  imagery,  though  some  other  changes,  leaving 
the  total  imagery  equally  comple.\,  were  also  present  iu  a  much 
less  degree.  Simplification  aftecte^l  all  cloMes  of  associations, 
visual  and  verbal,  excepting  those  cases  in  wbtcb  the  associative 
connection  consisted  merely  of  combining  the  names  of  several 
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picttinB  into  ■   phrase  or  sentence.     Otber  cases  of  veitttl 

bnager?  mtde  up  of  a  phrase  or  short  scntenoe  would 
readily  reduced  to  a  single  word  or  two.  Complex 
tmacer)-  would  be  readily  reduced  to  a  single  factor  of  the 
original.  A  still  farther  simplificatioo  was  frequent  in  the 
different  recalls.  Id  this  thcouly  representative  of  the  origiiul 
Rssociatiou  vetis  the  'feeling'  that  there  had  beca  some  conoec- 
Hod  before.  The  subject  would.  In  these  instances,  approach 
the  recall  of  the  several  pictures  that  had  been  nssociatively 
connected  before  with  the  distinct,  very  dear  consciousness 
that  such  association  had  existed,  but  would  recall  the  pictures 
without  the  appearance  of  that  former  visaal  or  verbal  imagery 
Ifaat  coDStitnted  what  he  called  the  association.  Such  an  in- 
dependent feeling  of  the  existence  of  an  association  preceding 
tbe  recall  was  the  form  in  which  the  original  a&sociation  per- 
sisted in  17'%  of  the  cases  in  which  an  usociatiou  was  used  in 
tbe  last  three  recalls. 

3.  7fe  Verbiii  Imagery:  The  verbal  imagery  falls  into  two 
classes:  ( t }  The  description  of  tbe  details  of  the  pictures,  and 
(2)  Their  names. 

(i)  Description.     Verbal  description  entered  at  two  points 
in  the  experiment:  (a)  In  learning  the  group  of  pictares  tbe 
subject  had  incipiently  to  some  small  degree  a  tendency  to  de- 
scribe the  visual  details.    Then  (b)  at  each  recall  bis  intro- 
spective report  nece:>!(ftrily  involved  detailed  desciipiioD  of  bow 
be  visualized  the  pictures.     These  descriptions  mi^ht  thus  have 
been  expected  to  play  a  purt  in  the  later  recalls  as  a  means  to 
recall  or  to  reinforcement  of  recognitive  certainty.     But  as  a 
matter  of  fact,  no  description  used  in  learning  was  ever  used 
or  preseot  in  later  recalls.     Verbal  descriptions  used  in   pre- 
vious introspective  reports  were  sometimes  recalled;  the  sub- 
ject remembered  what  he  had  said  before,  but,  considering  the 
results  as  a  whole,  this  was  quite  exceptional.     The   general 
procedure  of  the  subject  was  decidedly  independent  of  any 
memory  of  what  be  had  said  at  a  previous  Mtting.     A  further 
rather  significant   fact  was  that  when  be  did  clearly  recall  a 
previous  de^riplion  he  often   put  very  little  reliance  on   its 
accuracy  as  regards  the  points  in  the  picture  described.     Pres- 
ent visual  imagery,  though  in  itself  uncertain  in  character, 
seemed  more  acceptable  than  the  clear  recall  of  description,  if 
the  two  in  any  way  contradicted  each  other.     On  tbe  other 
band,  when  the  recall  of  a  description  agreed  with  a  somewhat 
wavering  visual  image  that  was  recalled  first,  the  verbal  mem- 
ory, with  some  exceptions,  quite  readily  induced  the  acceptance 
of  tile  visual  as  correct.     It  reinforced  recoguitive  certainty. 
The  recall  of  previous  description  ns  the  sole  basis  of  accepting 
any  p<MDt  abmit  a  picture  as  correct  occurred  only  a  few  times. 
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(2)  The  Names,  Tlie  name  of  the  tiling  in  the  picture 
also  entered  the  process  of  recall  in  two  vsiys.  First,  naming 
followed  quite  reflexly  the  appearance  of  the  visual  ima^e.  the 
subject  being  entirely  nnnvvarc  of  any  intermediate  imagery, 
visual  or  auditory,  of  the  name.  Sccoud,  the  auditory  image 
of  the  name  entered  either  before  or  after  the  visual  image  of 
the  picture  appeared.  In  about  three-fonrths  of  the  cases  the 
subject  could  tell  clearly  the  order  of  succession.  These  give 
a  mexns  of  detcnuining  the  r^Me  of  the  name  in  the  recall  of 
the  visual  image. 

It  will  be  temembered  that  in  the  trial  recalls,  during  the 
learning  of  a  group  of  pictures,  the  subject's  attention  went 
first  to  the  recall  of  the  series  of  names.  This  was,  without 
exception,  never  the  case  in  the  recall  later.  In  these  the  sub- 
ject's attention  was  always  directed  to  getting  the  visual 
images,  either  directly  or  through  the  associations.  At  each 
sitting  each  picture  was  recalled  twice;  first  in  the  general 
recall  of  the  pictures  as  wholes,  and  shortly  afterwards  in  the 
recall  of  the  details  of  each  individual  picture,  The  following 
figures  give  the  general  percentages  of  the  number  of  times  (a) 
the  visual  image  appeared  first,  (b)  the  verbal  appeared  first, 
(c)  the  visual  and  verbal  appeared  simultaneously,  so  far  as 
the  subjects  could  judge. 

a  b  c 


General  recall, 

77 

»5 

8 

Detailed  recall. 

86 

ir 

4 

Average, 

82 

'3 

6 

This  shows  at  ouce  the  very  great  predominance  of  the  vis* 
ual  imagery  over  the  verbal,  and  the  rather  small  rdle  of  the 
latter  in  the  recall  itself.  As  to  its  use  when  it  appeared  after 
the  visual  imagery,  it  may  t>e  stated  at  once  that  the  name 
Dcvcr  seemed  to  affect  recogaitivc  certainty  at  all.  Its  presence 
mas  useless  in  these  cases.  The  percentages  show  also  that  tb« 
visual  imagery  gains  in  spontaneity  with  repetition  mora 
readily  than  does  the  verbal.  Since  in  each  case  the  subject 
had  to  name  the  pictures  in  his  report  as  wkW  as  visuatize 
them,  the  procedure  should  not  have  greatly  favored  oue  class 
of  imagery  over  the  other.  But  it  Is  .seen  that  in  the  detailed 
recall  the  visual  is  first  in  9%  more  of  the  cases  than  in  the 
general.  This  relation  can  be  followed  further  by  comparing 
the  different  recalls  with  each  other,  from  first  to  fourth.  The 
following  are  the  percentages: 


■At  recall. 

and  recall. 

3rd  rcMll. 

4tb  recall 

Visual  first. 

76 

76 

89 

89 

Verbal  first, 

17 

15 

It 

7 

Simultaneous, 

7 

9 

0 
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If,  io  coaneetkn  with  the  niatioa  at  Ttsial  priurily  ta  the 


tut 


general  ood  defiled  recalls,  it  is  hiwimIwhJ  thml  ia  tbe  fim 
recall  the  {eaenl  was  omftted.  it  is  sees  in  these  bat  fipnca  ^ 
that  the  {wiority  of  the  'riaaal  inegery  tocreuea  naiahli  iililjr 
with  rcpcthioo  of  the  recalls.    Ia  the  first  nccall  tbe  avci 
for  the  priori^  of  the  niosl  iaMnery  woold  be  several  per 
onL  kaa  if  a  geaeral  recall  had  ben  iadialed.     Pat  into  gea- 1 
eral  torm,  tbe  last  two  tables  aeaa  that  with  the  repetitioo  of ' 
the  recall  the  verbal  btagcry  is  dimfawtad  from  a  ptooe  where 
it  is  Dot  abeolotdy  Deeded.     Tbcnssal  imagery  gains  io  spoo- 
taoeity.  as  conipared  with  the  i-erbal.  aod  is  recalled  directly. 
Tbe  verbal  eotaes  ia  only  afier  the  nsoal.  at  a  poiat  where  it 
is  Deeded  for  tbe  porpoee  of  descripttoa. 

4.     S^me  Varna/  AnitetdaUs.     Two  ktads  of  viaaal  ioiagery 
that  often  preceded  tbe  recall  of  tbe  visoal  iaiage  of  the  pictore 
itidf  may  be  given  a  passing  notice.     To  the  subjects  tbcir 
sigBificaaoe  oerer  seeaiied  great.     Bat  in  snalyiing  the  results 
it  appears  that  tbe  one  class  at  least  may  hare  beeo  of  coni^id- 
erabte  om.     This  is  tbe  visoal  imagery  of  tbe    rectangular 
paper  with  tbe  regaUr  arrangemcDt  of  squares  In  wbi^    tbe 
pictures  were  placed.     Tbe  other  is  the  viaial  image  of  a  dark, 
qctte  cbaracteileas  Uotcb  in  tbe  posJltoo  of  tbe  pictore.  and  ia 
some  way  representing  it     Tbe  tonner  was  of  somcwbat  Taiy- 
tng  character.     Its  presence  or  absence  in  the  first  place  de- 
pokded  00  tbe  ease  of  recall,  tbe  lapse  of  dmc,  and  tbe  abseoee . 
of  associative  recall.     In  tbe  later  recalls  it  was  much  leaa 
present  than  in  the  Errt.     Recall  tbrongb  associative  ootinec* 
tions  tended  to  eliminate  it,  especially  if  tbe  recall  was  easy. 
In  general,  it  appeared  most  when  there  was  some  interval  be- 
tween tbe  initial  effort   to  recall   and    the  actual    recall.      It 
varied  in  completeness  and  in  the  deSniteness  with  which  all 
tbe  sqnares  were  nmultaueotuly  viHoatized  in  a  stngte  image. 
As  tbe  extremes,  there  was,  on  tbe  one  band,  a  definite  and 
clear  image  of  tbe  rectanttfl'*^  piece  of  paper  In  proper  size, 
color  and  distance,  with  a  less  definite  and  complete  ri^aal 
image  of  its  12-15  squares.     At  tbe  other  extretne,  this  visaal 
aetccedent  cotutisted  of  the  vi»aal  image  of  a  few  sqtures  only, 
with  sn  indefinite  margin,  the  subject  not  being  conscious  of 
tbe  rectangular  form  of  tbe  piece  nf  paper,  of  iu  color,  or  that 
it  was  paper,  and  it  wa;i  less  definitely  fixed  as  to  distance, 
tumatly  Cirtber  off  than  tbe  original  reading  distance,  and  con- 
siderably enlarged.     It  seems  safe  to  attribute  to  this  visual 
antecedent  at  least  one  important  fnnction  io  recall.     It  save 
a  neatts  of  guiding  and  fixing  the  attention.     With  thi«  visual 
map  before  him,  the  subject  could  hale   his  attention  and  con- 
centrate bis  efforts  on  tbe  recall  of  one  individual  picture,  and 
could  rally  bi»  associative  aids  aioaod  this  one  po»itioa  until 
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the  picture  was  recalled.  Without  such  a  visual  mapofposi- 
tions,  or  its  equivalent  in  associative  connections,  he  bad  no 
staning  point,  no  clue,  could  not  concentrate  his  eBbrtH,  and 
could  do  little  more  than  simply  wait  and  let  the  recall  take 
iti  own,  tponliineous  course. 

The  visual  image  of  a  dark  blotch  in  the  plsot  of  a  picture 
that  preceded  the  recall  of  the  picture  itself  was  often  present 
when  the  recall  did  not  tnkepliic«  readily.  No  inslnuce,  how- 
ever, occurred  in  which  it  involved  any  characteristic  other 
than  iiize,  position  and  on  indefinite  roundness  of  form.  Noth- 
ing in  it  distinguished  one  picture  from  another;  it  contained 
no  clue  to  recall.  Apparently  it  served  no  purpose  like  those 
of  the  other  aids  to  recall. 

D.    Tub  Visual  Ihaobhv  is  tub  Rbc&u.  op  ths  Dbtails 

OP  A  PlCTlTRE. 

We  have  now  to  consider  the  analysis  of  the  recall  process 
after  .some  »ort  of  vi.in.il  image  of  the  picture  as  a  whole  linx 
been  obtained,  a  visual  image  that  has  been  sufficient  perhaps 
merely  to  allow  the  naming  of  the  object  and  the  ieco|;;uition 
of  the  picture  recalled  as  one  that  belonged  to  the  group  mem- 
orized. The  recall  of  the  details  was  then  a  second  step,  al- 
though in  individual  casen  a  line  could  not  always  be  drawn 
definitely  between  the  two  parts  of  the  recall.  The  details  of 
the  simplest  of  the  pictures  used  were  too  many  to  be  included 
in  one  span  of  consciousness.  The  process  of  their  recall  was 
therefore  necessarily  a  succesciion  of  imagery  of  some  duration. 
This  was  decidcillv  a  vi»unl  process.  Prncttcally  no  secondary 
imagciy  other  than  visual  ever  coleted  as  an  aid  to  getting  the 
visual  delail.s  after  the  visual  image  of  the  picture  as  a  whole 
was  once  reinstated.  We  have,  therefore,  in  the  further  analy- 
sis of  the  recall  process  to  consider  visual  imagery  alone.  A 
prominent  feature  in  this  wets  the  appearance  of  mnch  imagery 
that  was  wrong.  This  wrong  imagery  wc  shaU  discuss  in  the 
section  on  "Changes  in  the  Content  of  the  Imagery,"  after 
taking  up  first  the  general  character  of  the  process  of  the  recall 
of  details  indepetidently  of  this  wrong  imagery. 

1 .  714^  Oattral  Charader  of  the  Prixrtt  of  ReetUl  of  Details. 
(a)  Differences  in  the  First  and  Last  Harts  Recalled.  A  few 
items  may  t;e  noted  first  of  all  in  regard  to  what  appeared  first 
in  the  total  imagery  and  its  relation  to  what  followed.  The 
order  of  the  recall  of  details  brought  out  very  clearly  the  de- 
grees of  difference  in  sp>iutanciiy  ami  ease  of  recall  for  the^ 
details.  The  easiest  was  recalled  first,  and  that  ease  was  due 
not  to  previous  associated  imagery,  but  to  the  inherent  charac- 
ter of  the  imagery  itself.  This  wos  shown  first  of  all  by  the 
fact  that  the  details  that  were  recalled  first  were  in  so  many 
jouaxAi,— s 
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cases  always  tbe  same  parts  of  the  picture.    Otlier  character'^ 
istics  point   to  the  mmt  general   fact.     In  a   good  share 
iBStances  the  first  details  recalled  and  what  followed  were  quit 
distinct  in  either  one  of  two  other  nays.     First,  there   might 
be  ft  considerable  interval  following  the  first  part  before  the  resf  ] 
could  be  recalled  at  all.     Second,   the  imag:ery  for    tbe  first 
part  would  be  fixed  in  its  character,  tbe  following  part  wai-cr- 
ing  ID  both  its  content  and  in  tbe  degree  of  certainty  that  went , 
with  it. 

(b)  The  Criteria  of  Correctness.     The  recall  of  details  wasi 
essentially  a  process  of  reconstruction.     On  the  whole  tbe  6Dalf 
product  (hat  xvas  accepted  as  correctly  representing  the  original^ 
picture  was  the  result  of  many  climioations  and  variatiuus  of  ^ 
visual  details  that  sug|;ested  themselves  spontaueotuily.     Usu- 
ally it  was  not  so  much  a  matter  of  filling  in  details  somehow 
or  other  as  it  was  a  matter  of  deciding  which  of  tbe  detaillj 
that  were  readily  imaged  were  tbe  correct  ones.     The  general 
nature  of  the  process  is,  therefore,  best  described   further  by 
considering  the  criteria  of  correctness  and  the  manner  of  their 
use. 

Although  customary  usage  applies  tbe  term  'recognition'  to 
all  such  criteria,  the  present  results  call  for  some  diKcrimtna- 
tion.  The  form  and  content  of  consciousness  that  led  tbe  sub- 
ject to  accept  a  certain  detail  in  the  imagery  as  correct  were  of 
several  dificrcnt  kinds,  (i]  Direct  recognition  maybe  men- 
tioned as  one  of  these.  The  term  ts  used  now  in  its  most 
technical  sense.  In  these  cases  the  subject  regarded  tbe  detail 
in  ({uestion  as  right  or  wrong  directly;  he  was  unable  to  detect 
nnythiog.  in  the  character  of  the  imagery  itself  or  in  the  total 
process,  on  which  acceptance  or  rejection  might  be  based. 
Such  recognitive  conscinusuess  was  not,  however,  aecessarily 
nn  immediate  result  of  the  imagery.  It  might  appear  ooly 
af^er  some  considerable  attention  to  the  imagery,  and  attempt 
at  deci.<ion  In  some  other  way.  Direct  recognition  was  tbe 
most  important  way  of  deciding,  bat  it  was  oftener  than  not 
accompanied  by  other  factors  as  aids.  (2)  Inherent  .sponta- 
neity in  the  imagery  frequently  led  to  its  acceptance,  especially 
in  the  absence  of  other  criteria.  The  influence  of  this  was 
brought  to  light  clearly  iu  cases  in  whicfa  a  detail  was  visual- 
iicd  in  two  different  ways,  neither  of  which  was  recognited 
directly  as  right  or  wrong,  and  either  of  which  might  have 
been  correct,  so  far  as  other  details  were  concerned.  If  in  such 
cases  there  was  a  di^^tiiict  difference  in  the  ease,  vividness  and 
spotilaneity  with  which  the  two  images  appeared,  the  one 
having  these  qualities  iu  the  most  marked  degree  was  usually 
accepted,  or  at  lea.st  favored  mn  regards  correctness  On  the 
other  hand,  spontaneity  and  vividness  were  ver>'  readily  re- 
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jected  as  criteria  of  correctness  in  favor  of  even  a  slight  degree 
of  reco^nitive  consciousness  atUcliinK  to  competinK  iniaftery. 
In  numerous  instances  the  subject  described  oertain  imagery 
as  very  easy  to  get  and  vivid,  and  yet  rejected  it  in  favor  of 
oiher  imagery  which  he  f«int!y  recognizied  as  correct,  and 
which  at  ihe  same  time  might  have  been  very  difficult  to  get 
and  to  hold.  {3)  The  absence  of  rival  imagery  increased  the 
tendency  to  accept  whatever  did  present  itself.  The  effect  of 
rival  imagery  was  shown  in  instances  in  which  the  subject  at 
first  recalled  a  detail  in  a  certain  way  and  accepted  it  as  cor- 
rect, bnt  a  (Doment  later  became  doubtfnl  of  it  or  even  rejected 
it  when  another  suggested  itself,  which  in  itself  seemed  to 
have  nothing  more  in  its  favor  than  thnt  it  was  n  possibility. 
In  general,  the  suggestion  of  more  than  one  possible  way  of 
recalling  a  picture  created  doubt  where  otherwise  there  might 
have  been  considerable  certainty.  Another  tendency  shown 
was  that  of  rival  imagery  to  drop  out  with  the  lapse  of  tine 
Bud  the  repetition  of  recall.  Where  such  was  the  cwx  it  was 
the  rule  of  the  subject  to  accept  as  correct  what  he  did  recall, 
though  he  had  previonsly  doubted  its  correctness  in  Ihe  pres- 
ence of  rival  imagery.  (4)  Something  in  the  nature  of  a 
process  of  inference  was  a  very  prominent  method  of  deciding 
whether  the  imagery  of  a  certain  detail  was  correct  or  not,  and 
was  also  a  factor  in  producing  that  imagery  in  the  first  place,' 
This  was  so  closely  interwoven  with  the  other  factors  that  it 
was  throughout  difficult  for  the  subject  to  delect  its  presence, 
or  to  s.iy  whether  he  believed  a  thing  was  so  becau.se  of  a 
direct  recognition  of  its  correetnew,  etc.  or  because  he  in- 
ferred it  to  be  so  on  account  of  other  things  that  he  did  so 
recognize  or  know.  A  detail  might,  of  course,  be  inferred  to 
be  tight  for  many  di&ereot  reasons.  The  results  hardly  allow 
any  classification  of  the  grounds  for  such  inferenccH.  Two 
sources,  however,  can  be  made  ont.  First,  the  subject  would 
recall  certain  details  and  be  certain  of  their  correctness.  With 
this  accepted,  the  nature  of  other  details  often  followed  neces- 
sarily. Secondly,  in  some  eases  he  inferred  details  in  the  pic- 
ture from  what  be  knew  of  the  thing  represented  by  it,  with- 
out any  connection  with  details  actually  recalled.  It  is  very 
evident,  when  other  results  in  this  connection  arc  taken  into 
accouut.  that  in  very  many  instances  some  such  proce^  as  this 
guided  the  recall  and  rejection  or  acceptance  of  imagery  when 
the  subject  was  not  in  the  slightest  degree  aware  that  this  wu 
his  method.     Clear  cases  in  which  the  subject  reported  that  he 


'  The  terni  InfercMe,  for  want  of  snotbcr,  ii  natd  lior*  la  a  wide 
and  loo«c  sea*e,  and  »  not  to  be  defined  la  the  tormaX  way  of  the 
logkiaa. 


few. 


vfaoOr  comfauQi  wiih 

••d  aoocptcd  IS 

fttmn  tfae  ptctciT, 

wilkitKtf.     ItUdear.  ilbtak. 

bad  been  gvided  alone  bf  direct,  bnl 

tbe  ocWr  criBcsia  of  eorrcct- 


it  warid  frtqaently  have  rcsolted  ia  a 
thai  would  b*.w  been  tjoiie  io- 


iafandj 
loTdelaasfiir 

It  witb  «*cb  < 

Tbe  criteria  oi"  carrecUiew  chinfcd  jeMDewha-t  with  the  lapse 
of  time.  Is  the  first  place,  tke  (taenl  apoataoeitjr  of  the 
inagerr  deoeaaed.  Aner  tlie  aeooad  of  third  recall  it  was 
arkfaot  to  an  the  sabjeets  that  the  pictaics  were  RcaUed  with 
muA  leai  eaae.  cfaanen,  aad  detail.    Seoood.  the  tnteoatty  of 

direct  ncogmtive  i  iiaiiii ■■■  decnaaed.     This  took  place, 

however,  apparestly  boa  two  quite  diSdoit  canae*.  For  a 
few  of  the  details  that  l»d  always  beea  rerj  readUy  recalled 
aad  with  perfect  oenaiaty  as  to  oorrcctaeas.  Uie  inagery  came 
to  be  aocqrtcd  later  in  a  rather  matter  of  coarse  way.  an  attt- 
tDde  whicfa,  ta  the  peroeptioo  of  faniltar  objects,  is  described 
as  'cogoitive*  rather  tbaa  'teoogaltive'  coaacioaaiesB.  Oo  the 
other  band.  tDOtc  freqiteatljr  the  iateoaitr  of  recogaitive  coa- 
aefniMaeai  decreased  because  of  a  loss  of  oieiDoTy.  the  subject 
beioe  Ic»  ratbcr  tbaa  inota  ootaio  of  the  conectoess  of  the 
details  in  question,  so  fiu  as  direct  leoogiiitioii  wa*  hia  means 
of  jodgiag.  Thirdly,  in  somecaset rival  iBUCoy  dropped  out. 
Details  that  were  at  first  imaged  in  atore  than  ooe  way.  the 
aafaiect  beiog  Qoccrtaiii  as  to  which  way  was  concct.  were  later 
imaited  ia  one  of  tbe  fotiaer  ways  ooly.  the  old  alienialive  tiot 
occoTTiog  to  Ibc  subject  at  all.  In  other  cases  rival  imagery 
appeared  in  the  later  recalls  tbat  was  not  present  at  fijst.  This 
aeemed  in  general  related  to  a  decrease  in  certainty,  from  what- 
ever cause,  for  some  deutls.  Certainty  at  first  for  a  given 
detail  barred  out  rii-al  imagery.  Later  nocertainty  gave  the 
poaalbility  of  tbat  detail  being  imaged  in  otbcr  ways  and  with 
an  eqnal  claim  to  correctness. 

2.  Ckanget  in  the  CffmietU  of  tiu  Imagery.  We  may  consider 
next  the  general  character  of  tbe  cbanses  tbat  appeared  in  the 
ooolant  of  tbe  imagery  with  the  lapse  of  time.  By  chaoges  in 
tbe  content  is  meant  now  wrong  imagery  in  tbe  later  recalls  for 
details  tbat  were  in  tbe  first  recalls  imaged  correctly.  Tbeae 
changes  fall  conveniently  into  two  classes,  (a)  Imager>-  that 
presented  itself  more  or  less  spontaneously,  bot  which  tbe  sub 
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ject  refrarded  as  wronK.  I  sball  call  this  conacious  change, 
(b)  Imagery  that  n-as  wrong,  but  which  the  subject  regarded 
as  correcl.  illusions  of  memory.  For  the  purpose  of  descrip- 
tion thew  may  be  kept  nepaiate.  But  we  shall  see  later  that 
(hey  are  more  cloHcly  related  than  their  »ep«rate  description 
might  indicate. 

(a}  Consciona  Changes.  Following  di»liuctions  made  in 
describing  the  criteria  of  correctness,  the  conscious  changes  in 
the  imagery  were  of  two  kinds.  First,  the  changes  that  were 
directly  recognized  as  wrong.  Second,  the  changes  that  were 
inferred  to  be  wrong  because  of  other  known  facts.  These 
were  the  two  methods  that  the  subject  was  conscious  of  using 
in  judging  imagery.  By  far  the  greater  part  of  the  cases  be- 
longed to  the  former.  As  stated  before,  the  recall  was  a  re- 
eonstrnction  process  consisting  esscntintly  of  eliminnting  wrong 
imagery  and  deciding  on  what  was  wrong  and  what  was  cor- 
rect. The  tendency  for  imagery  to  come  up  that  was  at  once 
recognized  as  wrong  increased  decidedly  with  the  lapse  of 
time.  In  some  individual  cases  it  bore  the  further  characteristic 
ot  a  high  degree  of  vividness  and  i>crststence.  Although  at 
once  rejfarded  as  wrong,  the  subject  had  difficulty  in  dispelling 
it.  In  the  case  of  one  subject  -such  imagery  wa.s  so  promineut 
aa  to  attract  his  attention  and  occasionally  call  forth  gtncraliza- 
tions  on  his  own  pmrt.  Thns  in  the  third  recall  of  on«  picture 
he  said,  "I  find  it  very  difficult  to  get  a  visual  image  that  can 
be  accepted.  Various  kluds  of  details  come  up  that  are  at 
once  recogniiied  as  wrong,  but  which,  in  the  inability  to  get 
correct  ones,  are  persistent."  In  the  fourth  recall  of  another 
picture  he  notes:  "A  nurober  of  visual  details  cumc  up  that 
are  at  once  recognized  as  wrong.  The  visual  imager)-  of  these 
details  comea  up  readily  and  clearly,  while  at  the  .same  time 
different  details  that  are  recognized  as  right  arc  vague,  hard  to 
get  and  to  hold."  Such  descriptions  never  occurred  in  the  first 
recalls,  and  only  a  few  times  In  the  second,  while  they  are  fre- 
quent in  the  third  and  fourth.  The  generalization  of  this  sub- 
ject is  verified  by  many  concrete  descriptions  that  state  just 
what  the  imagery  was  and  the  whole  proccs.s  that  ended  in  the 
acceptance  of  certain  details  as  the  correct  ones.  There  was, 
however,  apparently  considerable  iudivtdual  difference  among 
the  £ve  subjects  ou  this  point.' 


'  ThU  lodlri'lufll  dinercncv  appeara  In  the  intniRpectlrc  antes,  when 
they  are  taken  litcTSll^-,  I  nm  not  certain,  however,  but  thut  tliB  »oh- 
|eci*  were  mare  alike  m  this  respcot  tfa>n  thctr  own  iioIcb  would  iitdl* 
cat*.  Occ««lon*l  tpcclal  questioning  obowcd  that  their  habilt  of 
introipetiivt  ohittvtttion  were  different,  ami  ia  •neb  a  wray  ai  to  ac- 
count for  a  difference  in  their  report*  where  the  procc**  of  recall 
might  have  been  really  quhc  tba  mo)«.    In  all  there  was  a  lUoBg 


fio 
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Whnt  wax  saxd  above  of  the  grouods  fen-  inferring  ioiagery 
to  be  correct  holds  true  iu  quite  Ibe  same  way  of  the  grouuda 
for  inferring  imagery  to  be  wrong.  Imagery  was  inferred  w 
be  wrong  from  varions  rea^^tis.  To  tbc  two  sources  uf  in- 
fercnces  in  (be  former  case  must  be  added  now  a  special  clajs. 
inferences  based  on  the  memory  of  a  generalization  made  abool 
tbe  pictures.  Tbeic  «cre  no  colors  in  any  of  the  pictures, 
and,  of  course,  no  motions.  The  subject  coald  not  forget 
these  general  (acts.  In  the  later  recalls  the  things  in  tbe  pic- 
tures were  very  frequently  visualized  in  colors,  and  some  of 
tbem  as  moving.  These  characteristics  of  tbe  imagers'  were, 
of  course,  readily  detected  to  be  wrong.  Every  one  of  the  pic- 
tures was  vlsaallced  in  colors  at  one  time  or  another  in  the 
later  recalls  by  ooe  subject  or  another.  These  colors  were 
always  tbe  natural  colors  of  the  objects  repieseuled.  A  further 
peculiarity  was  then  tbe  fact  that  in  some  coses  only  a  part  of 
tbe  object  was  visualized  in  its  natural  color,  while  the  rest 
was  imaged  in  tbe  black  and  while  of  the  picture.  In  tbe 
picture  of  n  child,  for  example,  one  subject  imaged  its  hair  as 
brown,  with  no  further  color.  Another  subject  imaged  a  rib- 
bon in  pink,  with  no  further  color  in  the  dress.  In  a  picturt 
of  8  liuman  eye  the  ins  was  imaged  as  blue,  with  the  lids  and 
brow  in  tbe  black  and  while  of  the  picture.  Tbe  ends  of  the 
handle  of  a  jackknifc  were  imaged  tu  brass  color,  the  rest  in 
Uack  and  white.  The  drum!itick.*t  with  a  drum  were  visual- 
Ized  in  wood  color  and  black  paint,  the  drum  itself  in  black 
and  white,  etc. 

The  objects  were  also  imaged  in  notion,  but  more  rarely 
than  in  colors,  a  fact  evidently  dependent  oo  tbe  nature  of  tbe 
object,  for  not  all  the  objects  pictured  were  mobile.  There  i.i 
some  slight  evidence  also  that  those  objects  in  which  motion 
might  have  been  imaged  were  not  imaged  in  that  way  so 
readily  as  in  colors.  I  quote  a  few  of  the  more  striking  ca.tes, 
which  reflect  the  general  character  of  this  class  of  cousciotis 
changes.     Third  recall  of  a  picture  of  a  locomotive:   "With 


■ 


tendeucy  to  attend  only  to  the  final  product  of  the  proCMs  of  recall, 
the  imnKcry  sceepted  as  correct,  anil  ■  cor  re*  pou  ding  dJtfcgard  o(  the 
process  by  which  this  b«(l  becu  reachtd.  Qaitf  freqaently  the  oiepa 
in  the  proce»s  wtre  (ort;ottvn  bjr  the  time  the  end  prodoct  hnd  ticen 
detcribed.  TbU  fact  bu  au  iotcTcsI  independent  of  it*  prr^ent  con- 
tiecIioD ;  for  tbe  Btroiif  tetidrucy  to  direct  the  attention  iu  tlii«  way 
■eeniB  to  be  an  Illustration  of  tbe  fact  that  in  everyday  life  wc  rarely 
are  inlcmled  in  Aostr  we  attain  an  end  mentally,  but  onljr  in  what  we 
accnnipliiab.  In  memory,  especially,  we  have  no  practical  Interemt  io 
how  vr  reniemtjer,  but  only  in  what  we  retnember.  The  point  o( 
pmenc  importance  in  Ibis  is  tbe  fact  Itial  tbc  different  tabjecia  did 
not  succted  equally  in  directing  attentiou  to  tlie  proccM,  tbe  aateced- 
ent  imagery,  as  well  as  to  the  prodnct. 
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furtbcT  alteiition  to  tbe  iinafcery  the  locxtmotive  begius  to  move, 
especially  the  drive  wheels  and  the  piiston  rod.  I  sec  the  puSs 
of  smoke  and  steam.  It  is  almost  impossible  to  visualize  it  as 
standing  siill."  Third  recall  of  •  pjctiire  of  a  top:  "Th« 
visual  image  of  a  running  top  is  persistent.  With  continued 
attention,  it  begins  to  wabble  and  away,  like  a  running  top 
thai  is  stopping,"  Fourth  recall  of  a  picture  of  a  dog:  "There 
is  a  little  difficulty  in  visualizing  the  position  correctly,  Tbe 
dog  in  the  imugc  keeps  turning  its  hcnU  around  to  look  at  me." 
Fourth  recall  of  a  picture  of  a  cow:  "'With  further  attention 
its  bead  turns  towards  me.  I  see  it  move,  with  the  added 
feeling  that  I  am  visualizing  a  real,  live  cow.  This  sort  of 
imagery  persists,  and  the  vbual  image  of  the  correct  position 
comes  out  only  in  short  flashes."  The  persl.<teiice  of  the  mo- 
tioa  and  the  relative  inability  to  image  the  object  as  stationery 
ma  characteristic  of  the  imagery  of  one  subject  only,  and  with 
him  it  was  not  true,  of  course,  of  all  the  pictures;  but  only 
one  of  the  five  subjects  never  reported  motion  in  any  of  his 
imagery.  Individual  ditfcrences  were  greater  in  this  than  they 
were  for  visualizing  the  things  iu  their  uatural  colors. 

It  was  slated  that  these  cim.scious  changes  in  the  imagery 
increased  with  the  lapse  of  lime,  Most  belong  to  the  third 
and  fourth  recalls.  "No  imagery  of  motion  belongs  to  tbe  first 
recall.  Taking  the  more  prominent  cases,  99  in  all,  of  visual- 
izing color  or  motion,  gives  the  following  distribution  for  tbe 
different  recalls,  first  to  fourth: 

■■t  RrcBll.  and  Recall.  yA  Recall.  4tli  Recall, 

lo^fc  19%  39%  42% 

The  conscious  changes  in  the  imagery  directly  recognized  as 
wrong  (the  clas.H  mentioned  earlier),  because  of  their  nature 
and  number  were  too  incompletely  recorded  in  the  notes  to 
justify  giving  figures.  But  the  lecord  as  it  is,  and  the  occa- 
sional generalization  on  the  part  of  one  of  the  subjects,  indicate 
that  their  course  was  much  tbe  same  as  was  that  for  color  and 
cut  ion. 

Without  diseasing  tbe  consciocs changes  at  this  point,  most 
of  what  is  included  in  their  description  may  be  brought  to- 
gether under  oik  generalization.  The  imager)-  tends,  with 
the  lapse  of  time,  toward  the  imagery  of  the  object  represcnicd 
by  the  picture,  and  with  this  change  lakes  ou  characteristics 
that  belong  to  the  object,  but  which  arc  not  represented  in  (he 
picture.  It  will  be  helpful  to  keep  in  mind  this  generalization 
in  considering  the  next  class  of  changes  in  tbe  content  of  the 
imagery,  the  memory  illusions. 

(b)  Memory  Illusions.  If  the  term  were  taken  in  its  strict- 
est sense  it  might  be  demanded  that  only  those  cases  should  be 
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Etnojuuni ; 


cslkd  nMBMiT  ilteaioiM  which  were  due  to  &lse  rcooKnitm 
eoMOomDeaa.  Z  iImII,  however,  sot  so  limit  The  temi.  but 
ibstl  regard  all  wrong  imsKoy  thai  is  accepted  as  oorrect  as 
mtmory  illasioo,  do  matter  what  the  critenon  for  scceptascc 

faasbecD. 

The  general  freqiiaicT  of  tUivaoiis  eoold  oot  be  detemhied 
defiaitely  in  the  present  stndr  because  of  the  fact  that  time 
never  permitted  ibe  sobject  to  give  a  teall)'  cotnplete  descrip- 
tion ol  the  details  of  his  imagery.  Bat  taking  the  results  as 
they  stand,  they  show  a  large  pcrccnUge  ^  tUtisioa.  Its 
amount  varied  much  with  the  difioent  subjects,  and  more  still 
with  the  different  pictares.  For  some  ptctttrc*  come  subjects 
never  made  any  mtsstatements.  For  other  ptctvres  some  sub- 
jects, in  individual  cafvv.  described  three-fonnhs  of  the  details 
wrongly.'  Taking  the  more  marked  instances  of  memory  illu- 
tioDS.  tSo  case?!  in  ail,  we  find  the  foUowipg  iaditi*idaal  dtfiier- 
coccs  among  the  five  sobjecta: 

Subjects,  t  2  3  4  5 

P«r  cent,  of  illoston,     17*        25%        9%  29%       33% 

The  conditions  of  the  experiment  were  the  same  Ibr  tbe  fim 
three  subject?;  for  tbe  fourth  and  fifth  the  number  of  pictures 
in  a  gronp  and  tbe  time  allowed  for  learning  a  group  were  less, 
and  the  intervals  btlwwD  SDCcestive  recalls  were  grirater.  Tbe 
indixndual  dtfierences  were  probably  due.  in  part,  to  this. 
IKviding  the  sabjectt  into  two  groops  accordingly,  and  figur- 
ing the  percentages  separately  for  each  group  gives: 


Subjects.  133  4 

Per  cent,  of  Ulusion,       33%      49%       18%  43% 


5 

58% 


Tbe  first  sobjcct  described  less  of  ihc  details  in  tbe  [>ictures 
than  any  of  the  others.  Tbe  third  ga\-e  his  introspcctiun.'i  io 
GODsidftrably  more  detail  than  any  of  the  others,  though  uot 
describiog  more  of  the  details  in  tbe  pictures.  This  led  to 
greater  discrimination  in  tbe  characteristics  of  the  itDa^^ery. 
etc. ,  ai>d  made  him  more  guarded  in  his  statements  as  to  what 
he  really  accepted  as  correct.  Nothing  further  was  found  that 
might  account  for  the  individual  differences  ia  tbe  amount  of 
memory  illusion. 

There  was  aome  data  also  on  the  relation  of  the  amount  of 

>SeT«rBl  recent  memon' tindies  give  tt4iilu  on  the  (rcqueDcy  of 
newory  illofion.  Tbrj  ihow  \ciy  gmi  ▼ariatiooi  is  tfae  antoant  of 
llliialon  *•  (lependeai  011  the  dideietii  kiad*  o(  tDkteiial  to  be  rewem- 
bered,  and  other  coadltidiis.  !□  tbe  Kcnenl  ■vcrage  It  amoauts  to 
about  xft.  I  taavc  snnnuuiicvl  mListof  tbcKre>Dlts  in  another  place. 
8e«  "RaocBt  Scndkaol  N<»mal  Ulutwua  ol  Mcmofy,"  Am.  Jour.  f*ty., 

190S.  pp.  389  a. 
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memory  iltnsion  to  the  lapse  of  time  unA  the  repetition  of  re- 
call. At  least  the  first  recall  compared  with  any  of  the  later 
ones  gives  considerably  less  illusion.  Takios  the  same  280 
cases  ttsed  above  gives  the  following  distribatioa  for  the  differ* 
ent  recalls: 


lit  Recall. 
15% 


sod  Recall. 
30% 


jrd  Recall. 

25% 


4tli  Recall. 
30^ 


The  results  do  not  permit  a  definite  statement  as  to  why  the 
amount  of  illusion  did  not  increase  regularly  with  the  lapse  of 
time,  but  ticvcral  factors  should  be  taken  into  account.  First, 
a  number  of  the  illusions  that  were  present  in  the  first  recall 
remained  fixed  throughout.  Secondly,  in  the  later  recalls 
many  of  the  details  in  tbe  pictures  were  forgotten  altogether, 
thus  eliminatiiift  the  possibility  of  making  misstatemeuts  about 
them.  Thirdly,  the  efficiency  of  the  difiercnt  criteria  of  cor- 
rectness did  not  decline  at  the  same  rate  as  did  the  ability  to 
recall  details  at  all.  Thus  the  amount  of  illusion  in  any  given 
recall  might  be  more  or  less  than  it  had  been  previously  ac- 
cording as  these  various  factors  were  related  to  each  other  at 
the  giveu  time. ' 

An  attempt  to  classify  the  memory  illusions  for  tbe  sake  of 
describing  their  general  character  frntn  the  Maiidpoint  of  the 
details  in  the  pictures  tbat  were  changed  soon  levcaled  the  fact 
that  they  were  literally  of  all  sorts.  The  range  of  their  vntiety 
seemed  limited  only  by  the  possibilities  of  the  things  rcprc- 
seivted  by  the  pictnres.  Any  change  In  the  oliject  represented, 
which  would  not  make  it  difiercnt  from  what  the  object  ever 
actually  is,  might  be  introduced.  Diflereut  groupings  bring 
out  di&erent  aspects  of  the  tendency  to  illusion.  Thus  (a) 
with  reference  to  the  pictures  described,  details  not  in  the  pic- 
ture might  l>e  added,  or  the  pre.«nce  of  some  that  were  there 
might  be  denied,  or  the  number  of  parts  of  one  class  in  a  pic- 
ture changed.  The  relative  position  of  difTerent  parts  were 
changed,  the  form  of  a  part  described  differently  from  what  it 
was,  or  the  position  of  the  picture  as  a  whole  changed  so  as  to 
give  a  different  view  of  the  object  represented,  Taking  an- 
other standpoint  of  classification,  (b)  with  reference  to  their 
permanency,  some  remained  nnchanged,  asalieady  staled  with 
regard  to  some  of  tbosc  that  appeared  in  the  BiM  recall.  In  a 
good  many  cases  the  subject  wavered  back  and  forth  between 
two  statements,   one    or    both    of   which    might,    in  a  pre- 

1  Sonic  liKtif**  (rom  other  memory  •tndlfn  aliow  somcthinit  o(  the 
rcUtioo  of  tbe  amount  of  itluiioa  la  tbe  UpMt  of  time.  TliOM  all 
»fti**  in  tbowiug  Rome  incicaiic  wiiti  kucccmIvc  iccalU.  See  *om- 
maiy  of  ttudlea  of  memory  Uluaioa  referred  to  above.  Am.  /our,  Aj>., 
igos.  p.  393- 
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vious  reoill,  have  1>e«n  regnrdtd  u  uncertain.      A  smaller 
number  chaogecl  tg  a  third  and  even   fourth    characteristic, 
without  reverting  to  a  former  one.     ClaSiUlj'ilig  tbem  (c)  vith 
rGlcicrK.'c  to  the  way  in  which  they  entered,  three  sub-cloMQ 
may  be  noted.     In  the  oiajority  of  cases  the  details  iu  questioo 
were  simply  visualized  wrongly  but  'rt^^iguized'   as   correct 
No  immediate  clue  to  their  origin  was  given.     Many  belonged 
to  a  class  often  noticed  by  casual  obser\'ers.     Details  would  at 
first  be  described  wrongly  but  with  uncertainly,  or  regarded 
as  mere  irrelevant  imagery  minus  all  memory  sanction.      Later 
the  same  de.scription  would  be  given,  but  without  the  previous 
unwrtainty;  it  would   be  regarded  as  correct.     A   few  clear 
cases  occurred  in  which  the  subject  simply  reasoned  wrongly 
in  reconstructing  his  total  image.     He   inferred  that  a  detail 
must  be  so,  on  the  basis  of  what  he  did  remember  of  the  pic- 
ture or  knew  of  the  object,  overloolcini^  some  other  possibility. 
Figures  may  be  given  for  the  classification  from  the  first  of 
these  three  standpoints  (a)  above.     For  they  will   reinforce  a 
generalization  of  importance  already  suggested  with  reference 
to  their  causes.     Talcing  the  2fto  cases  u^  before,  three  classes 
may  be  made  that  cover  nil  but  17%  of  the  total   numlier. 
These  arc  ( I )  relation  of  parts  changed,  (2)  the  form  of  a  part 
changed,  (3)  the  position  of  the  picture  as  a  whole  changed, 
giving  a  diScrcut  view  of  the  object  represented,  (4)  the  mis- 
cellaneous group  containin;^  the  remainder  of  the  cases,  details 
added,  details  that  were  present  denied,  and  the  number  of  a 
class  of  things  in  a  picture  changed.     The  percentages  of  cases 
belonging  to  these  classes  are  then  as  follows: 

1334 

16*  34%  33%  17% 

In  considering  these  figures  it  must  be  noted  that  ten  of  the 
thirty  pictures  used  were  of  such  a  nature  as  could  not  be 
afiected  by  the  first  class  of  illusions,  their  being  no  parts  to 
the  objects  represented  whose  relations  could  be  changed  and 
still  leave  the  objects  as  the>'  ever  actually  are.  On  the  other 
hand,  it  shuuld  be  remembered  that  there  was  much  lcs.s  occa- 
sion for  the  third  class  to  be  uumerous  than  there  was  for  the 
firitt  or  second;  for  there  were  necessarily  much  fewer  whole 
pictures  than  there  were  parts  in  all  the  pictures.  This  brings 
out  the  fact  that  there  was  a  specially  strong  tendency  to  illu- 
sion of  the  third  sort;  we  may  safely  say.  more  than  twice  as 
great  as  for  any  other  of  these  classes,  although  only  $3%  of 
the  cases  belong  to  it. 

(c)  Causes  of  Changes.  A  determination  of  the  special 
causes  of  the  changes  in  the  content  of  the  imagery  with  the 
lapse  of  time  is  in  the  present  study  for  the  most  part  a  matter 
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of  iateiprctation.  Briiifiiin);  together  a  iiumber  of  salient  fea- 
tures tbat  tfae  general  analj^sis  bax  m'calcd  will  tbrow  M>me 
light  on  this  question.  In  the  first  place,  it  seems  quite  evident 
that  the  conscious  changes  and  th«  memory  illasionR  are  both 
due  to  one  and  tfae  same  general  cause.  This  is  expressed  ia 
the  generalization  already  made  thai  the  iuiageTy  of  the  picture 
tends  to  the  imagery  of  the  object  represented  by  the  picture. 
Whether  or  not  the  change  will  be  a  memory  illusion  or  the 
subject  be  conscious  that  it  is  a  change  dejiendK  on  special  aud 
largely  quite  incidcnlal  conditions.  Tfae  validity  of  this  gen- 
eralizatiou  follows  from  the  fact  that  both  the  conscious  changes 
and  the  memory  illnsions  were  of  almost  unlimited  variety, 
but  were  never  inconsistent  with  the  possibilities  of  tb«  object. 
As  stated  of  Ibe  illastons,  any  change  might  occur  which  was 
not  different  from  what  the  object  ever  actually  is.  It  is  rein* 
forced  by  the  special  prominence  of  the  imagery  of  color  aud 
motion,  and  by  tfae  predominance  of  memory  illusions  tbat 
involved  a  changed  position  for  the  object,  the  object  turned 
around  somewhat  as  a  whole.  The  last  could  occur  for  ihe 
imagery  of  the  object  without  changing  the  object,  but  it  cuutd 
not  occur  for  tfae  imagery  of  the  picture  without  changing  the 
picture. 

Some  reasons  may  be  given  why  there  should  be  this  tend- 
ency for  the  imagery  to  change  to  that  of  the  object.  The 
first  three  are  facts  of  observation  in  the  present  study.  In 
the  first  place  the  general  spontaneity  of  the  correct  imagery, 
tfae  imagery  of  the  picture  as  seen,  declined  with  the  lapse  of 
time.  The  more  this  was  true  the  more  was  given  the  po*«i- 
bllity  for  imageiy  of  Ihe  object  to  present  itself.  Secondly, 
spontaneity  was  to  some  degree  a  criterion  for  accepting  im- 
agery as  correct  and  lack  of  it  for  rejecting  it  as  wrong,  giving 
a  further  cause  for  the  right  imagery  to  drop  out  and  the 
wrong  to  remain.  Thirdly,  the  intensity  of  direct  rccognitivc 
conscionsness  decreased,  and  thus  permitted  the  elimination  of 
the  right  imagery  in  favor  of  other  imagcr>-  that  was  wrong. 
These  are  negative  causes,  favoring.tbe  decline  of  the  imagery 
of  the  picture  as  seen.  On  the  other  band,  it  may  be  said 
that  the  objects  represented  rather  than  tfae  particular  picluics 
of  the  objects  were  more  matters  of  everyday  experience  of  the 
subject.  The  two  were  undoubtedly  somewhat  different  in 
every  case.  Thus  the  imagery  of  the  object  was  the  more 
uxnal,  customary,  habitual,  and  the  mind  in  making  the  sub- 
stitution simply  followed  the  law  of  habit.  This  is  a  general- 
ization that  has  already  been  made  from  other  memory  studies, 
and  the  tendency  in  question  may  be  accepted  as  a  factor  heie. 
But  there  are  additional  reasons  why  this  should  be  so  (or  the  ' 
memory  for  pictures.     Pictures  as  such  have  not  the  interest 
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and  emotional  cnloring  that  beloRf;  to  the  objects.  Such  emo- 
tional colorJDg.  when  it  takes  pos5e*«{oa  of  cooscioatmem, 
brings  with  it  the  vistial  imagery  with  which  it  is  connected. 
Again,  in  so  Jar  M  meaning  and  interpretation  is  read  ioto  the 
picture  at  all,  so  far,  of  course,  the  picture  ceases  to  be  what  it 
is  and  becomes  the  object.  The  picture  just  to  this  extent 
creates  the  tendency  to  substitute  the  imagery  of  the  object  Id 
its  natural  setting. 

A  fiaw  things  further  may  be  noted  in  snaimary  in  regard  to 
what  determiiMS  whether  a  change  that  has  taken  place  in  tbe 
imagery  shall  be  a  consciouH  change  or  memor>'  illasioa.  We 
have  found  two  general  checks  toillnstou  when  wrong  imagery 
appeared.  First,  recognilive  consciousness,  although  declining 
iu  efficiency,  is  more  persistent  than  ibe  original  spontaneity 
of  the  correct  imagery.  Wrong  imagery  may  increase  in 
amount  and  persisteucy.  but  the  larger  share  of  it  is  at  once 
recognized  as  wrong.  This  is  in  accord  with  the  fact  tbund  in 
other  memory  studies  which  shows  that  more  things  can  be 
recogui/ed  as  tjetonging  to  a  previou<  ex[)ericnce  when  given  • 
Ceoond  time  together  with  others  than  can  be  directly  recalled 
without  such  second  pre.sentattoii.  Secondly,  inference  from 
other  remembered  or  known  facts  prevents  i)tn«ion.  Clearly 
this  is  what  prevented  imagery  of  color  and  of  motion  from  be- 
coming illusion.  If  M>me  of  the  pictures  bad  been  colored,  or 
if  they  had  been  objects,  some  of  them  in  motion,  mistakes 
would  undoubtedly  have  occurred  by  attributing  color  or  mo- 
lion  to  individual  cases  where  none  had  been  present.  As  it 
was,  the  subject  could  hardly  forget  that  no  color  or  motion 
belonged  to  any  of  the  pictures.  In  the  case  of  imaging  the 
object  represented  in  the  position  represented  in  the  picture 
there  wa.s  no  . such  check.  The  object  could  be  imaged  from 
any  side  or  turned  in  any  way.  No  generalisation  that  might 
have  been  remembered  applied,  and  we  have  cotise({ueDily 
many  illusions  belonging  to  this  class. 

Pinatly,  the  varying  relations  of  all  these  factors  that  pro- 
duce changes  in  the  content  of  the  imagery  account  for  the 
fact  that  the  course  of  the  increase  in  memory  illusion  through 
the  four  recalls  was  not  the  same  as  was  the  course  of  increase 
in  the  conscious  changes. 

E.      StJUHAST. 

In  the  experiments  above  described  the  subjects  all  learned 
the  picture.*  in  regular  order  from  left  to  right  and  from  the 
top  downwards.  They  also  all  alternated  looking  at  the  pic- 
tures with  trial  recalb,  giving  about  half  the  time  to  the  latter. 
Their  stated  purpose  in  this  was  to  determine  what  needed 
special  attention  and  what  could  already  be  recalled.     While 
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looking  xt  the  pictures  the  atteution  went  prc<Ioininanlly  lo 
noting  the  details  visually.  In  the  trial  recalls,  however,  the 
effoit  was  predominantly  to  recall  the  series  o(  names  of  the 
objects  represeated.  Colling:  the  visnal  method  the  direct 
method  of  learning,  cenain  aids  to  the  visual  process  n-ere 
used.  These  were  the  names  of  the  things  in  the  pictures. 
Verbal  description  of  their  details,  and  associations  with  iudt- 
vidual  pictures  and  between  different  pictures.  The  use  of 
verbal  descriptiou  for  details  was  very  rare.  The  use  of  asso- 
ciations was  abundant.  They  were  easily  obtained,  and  were 
of  a  lar^e  variety. 

Factors  determining  the  order  of  recall  of  the  pictures  gave 
some  evidence  as  to  the  factors  present  and  their  relative  effi- 
cieucy  in  the  recall  of  the  pictures  as  wholes.  The  order  of 
learning  was  followed  in  the  first  recall,  but  this  order  broke 
up  gradually  with  the  lapse  of  time.  Factors  that  tended  to 
brenlE  up  the  original  order  were:  (i)  Dificrences  in  the  in- 
herent spontaneity  of  the  imagery  for  the  different  pictures; 
(a)  Si>ecial  prominence  of  the  imagery  of  associations;  (3)  A 
general  visual  image  of  the  regular  arrangement  of  squares  iu 
which  the  pictures  were  placed. 

A»focialions  were  abundantly  u»ed  in  getting  the  visual 
image  of  a  picture  as  a  whole  in  the  first  recall.  Approxi- 
mately a  third  of  them  were  nof  90  asKd  in  the  later  recalls. 
When  the  associations  appeared  after  the  visual  images  of  the 
pictures,  they  practically  never  reinforced  recognitive  certainty; 
they  were  not  needed  for  this  purjiose.  Changes  occurred  to 
the  nature  of  the  associations  and  the  manner  of  their  use  with 
the  lapse  of  time.  The  iniaRcry  of  the  a-fsociatiuns  together 
with  that  of  the  associated  pictures  constituted  a  loose  com- 
plex. Time  produced  a  gradual  eliminatiou  of  the  associations 
from  this  complex,  which,  with  many  exceptions,  ran  roughly 
as  follows:  ( t )  The  association  appeared  before  any  of  the 
a.<i,suciated  [»ctures  were  recalled.  (3)  It  ai>prared  after  the 
6rst  or  second -was  recalled.  (3)  It  appeared  after  all  were 
recalled.  (4)  It  did  not  appear  at  all.  A  .second  class  of 
changeA  consisted  in  a  rapid  simplification  of  the  imagery  of 
the  associations.  In  this  a  final  stage  before  complete  elimina- 
tion was,  in  179(1  of  the  cases,  the  mere  'feeling'  that  there  had 
been  some  association  bcfote. 

Verbal  imagery  used  iu  recall  was  that  of  the  description  of 
details,  and  numiug.  Verbal  description  used  in  Icainiug  was 
never  used  later  in  recall.  Verbal  description  used  in  sn  intro- 
spective recall  was  sometimes  rememl)ercd  in  a  I'oDuwing  unc. 
but  the  subject  made  little  use  of  such  verbal  memory,  and 
put  little  reliance  on  its  accuracy.  The  naming  of  the  thing 
in  the  picture  followed  Its  visual  image  rcSexIy,  or  an  auditory 
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itnige  of  tfae  nanw  preceded  or  followed  the  Wmal  inufc. 
When  it  followed  the  vtstutl  it  Dcver  iofiuenced  recognitm 
cenainty.  In  13%  of  the  cases  It  preceded  the  viimi]  tsuie 
and  was  thus  used  in  recall.  In  82%  the  visual  preceded,  isd 
in  6%  the  two  seemed  »imultnneoRfl.  The  priority  of  the  vis- 
nal  tniaKe  increased  about  to^  daring  the  later  recall*,  u 
compared  with  the  firtil. 

Two  kinds  of  visual  imagery,  oxide  from  visual  Imagerj 
involved  in  associations,  often  preceded  the  visual  image  of  the 
picture.  These  were  a  visual  image  of  the  rectangular  piece 
of  paper  with  its  regular  arrsogement  of  squares,  and  the 
Image  "f  a  dark,  otherwise  quite  cbarscterlesA  blotch  in  the 
placeof  a  picture  in  a  square.  The  former  varied  considerably 
in  its  general  characler.  Its  main  function  seems  to  lia^-e  beeo 
that  of  guiding  and  fixing  attention  in  the  effort  to  recall  indi- 
vidual pictures.  The  latter  did  not  vary  in  character  for  dif- 
ferent pictures;  it  served  no  function  that  could  be  determined. 

The  recall  of  details  of  a  given  picture  was  necessarily  a 
processor  some  duration.  Some  differences  in  the  character 
and  manner  of  recall  were  found  for  what  appeared  first  and 
last  in  that  process.  The  part  recalled  first  consisted  of  the 
ea.Mesi  details,  which  were  apt  to  be  the  same  in  snccessive 
recallit,  with  llic  naiiire  of  the  content  of  their  imagery  fixed, 
and  (he  subject  certain  as  to  its  correctness.  For  the  last  part 
the  details  entering  varied  more,  the  nature  of  the  iniager>' 
was  not  so  fixed,  and  the  subject  was  less  certain.  The  two 
were  nf^en  separated  by  a  considerable  time  interval. 

The  recall  of  details  was  further  a  proceiui  of  reeonstrtietion, 
a  reconstruction  by  means  of  eliminating  wrong  imaRery  more 
than  one  of  producing  imagery  that  was  right  in  the  first  place. 
The  criteria  by  means  of  which  imagery  was  judged  rig;ht  or 
wrong  or  because  of  which  it  was  accepted  or  rejected  thos 
become  the  essential  part  in  the  actual  recall  process.  Several 
such  criteria  were  made  out.  (i)  Direct  recognition,  using 
the  term  in  its  limited,  technical  sense.  (3)  S;>ecial  inherent 
aponlaneity  of  the  imngcry  frequently  led  to  its  acceptance, 
especially  in  the  absence  of  other  criteria.  But  this  character- 
istic was  %'ery  readily  discarded  ns  evidence  of  correctness  in 
the  presence  of  c\*en  a  very  slight  degree  of  recognitive  con- 
sciousness attaching  to  other  imagery.  {3)  The  absence  of 
rival  imagery  increased  (he  tendency  to  accept  whatever  did 
present  itself.  (4)  Inference,  udug  the  term  in  a  very  loose 
way.  was  a  prominent  method  of  deciding  on  the  correctness 
of  imagery.  Without  special  and  minute  attention,  the  sub- 
ject found  it  generally  very  difficult  to  discover  that  this  had 
been  bis  method  in  cases  where  actually  it  was  so.  Inferences 
were  made  on  the  basis  of  details  already  definitely  recalled, 
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and  on  tbe  basis  of  what  the  subject  knew  about  the  things 
represcDted  in  the  pictures.  Indirect  evidence  from  the  mem- 
ory illusions  also  indicates  that  this  played  a  large  rdle  in  re- 
call. These  several  criteria  changed  .somewhat  with  the  lapse 
of  time.  First,  tbe  general  spontaneity  of  the  correct  visual 
imagery  decrcHsed,  Second,  the  intensity  of  recoguitive  con- 
sciousness decreased.  Third,  rival  imagery  dropped  out  in 
some  cases;  in  other  instances  it  appeared  where  it  had  Dot 
been  before. 

CbEtnces  in  the  content  of  ihc  imagery  that  occurred  may  be 
described  as:  (i)  Conscious  changes,  wrong  imagery  which 
the  subject  knew  to  be  wrong,  and  (3)  Memory'  illtision,  In 
the  majority  of  cases  of  conscious  changes  tbe  subject  knew 
the  imagery  to  be  wrong  by  direct  recognition.  Such  imagery 
increased  very  much  with  the  lapse  of  time,  and  had  in  some 
case.s  the  further  ctiaracteristic  of  a  high  degree  of  persistence. 
In  a  second  class  of  conscious  changes  the  imagery  was  in* 
ferred  to  be  wrong  from  other  data  recalled  or  known.  Among 
ihc.sc  the  tendency  to  visualiM  color  and  motion  in  the  pictures 
is  of  special  significance.  These  were  always  the  natural  col- 
ors and  motions  of  the  objects  represented.  This  tendency  to 
color  and  motion  also  increased  qnite  regularly  from  10%  of 
the  total  number  in  the  first  recall  to  43^  to  Ihc  fourth.  Tbe 
memory  illusions  showed  great  variation  in  their  general  fre- 
quency for  the  different  su^ects  and  for  tbe  different  pictures. 
Fifteen  per  cent,  of  the  total  number  occurred  in  the  first  recall, 
with  ity^,  25%.  and  30%  for  the  second,  third  and  fourth 
recalls  respectively.  There  was  some  additional  evidence  that 
a  changing  relationship  of  several  factors,  militating  both  for 
and  against  tbe  illusions,  determined  their  relative  frequency 
at  any  given  time.  From  the  »tnnd|x)int  of  the  detail.*  in  the 
pictures  that  were  changed  the  illusions  were  limited  in  variety 
apparently  only  by  the  possibilities  of  the  objects  represented, 
any  change  being  likely  to  occur  that  did  not  make  the  object 
different  from  what  it  ever  actually  is.  Making  an  arbitrary 
classification  from  this  standpoint  showed  that  there  was  a 
specially  strong  tendency  to  illusion  of  the  position  of  the  ob- 
ject represented,  1.  e.,  a  changed  view  of  the  object. 

One  and  the  tame  general  cause  produced  both  conscious 
disuges  and  memory  illusions.  This  was  M<f  Undenty  of  the 
imagery  0/  Ike  pieiure  L>  change  to  Ikt  imagery  0/ Ike  cb^eei  rep- 
resented. Special  reasons  why  this  should  occur  are:  (i)  Tn€ 
spontaneity  of  correct  imagery  declined  with  the  lapse  of  time. 

(3)  Spontaneity,  or  lack  of  it,  was  to  some  degree  a  criterion  for 
accepting  imagery  as  correct  or  for  rejecting  it  as  wrong.  (3) 
The  intensity  of  direct  rccognitive  consciousness  decreased. 

(4)  The  object  rather  than  its  picture  was  more  a  matter  of 
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evei7day  expeiieace,  and  its  imagei7  readier,  mnA  more  hatrit- 
ual.  (5)  More  interest  and  emotional  coloring  belongs  to  ob- 
jecta  than  to  their  pictures.  (6)  To  the  extent  that  the  ptctnrc 
represents  and  suggests  the  object  the  imagery  of  the  object  is 
already  given. 


THE  PSYCHOLOGY  OF  HUMOR. 


By  t.  W.  EI.1KK. 


OUTUKB. 

I,  Introduction. 

II.  Gioaping  of  tlieorki. 

III.  Humorous atxl  iion-humoTous  Klimuli. 

IV.  Tbc  nattir«  maA  origm  ol  humor  ad  &  ui«atftl  procCM. 

V.  FnnctioD*  of  humor. 

a.  PnychoIojiicBl  c.    BlolmEical 

b.  Phr*ioIoKical  d.    Sock>loxic«l. 

I.     Introduction. 

Voltaire  is  said  to  have  observed  tliat  Heaven  has  givta  na 
two  things  to  counterbalance  the  many  miseries  of  life, — hope 
and  sleep.  To  the.se  Immanuel  Kant  adds  a  third,  laughter. 
Nu  stimnlns,  perbnps,  moTc  mercifully  and  cRectually  breaks 
the  surface  tensiou  of  consciousness,  thereby  conditioning  it 
for  n  new  forward  movement,  than  humor.  It  is  the  one  unt- 
vtT&al  remedy;  a  medicine  for  the  poor,  a  tonic  for  the  rich, 
a  recreation  tor  the  fatigued,  a  l>eneficent  check  lo  the  strenu- 
ous, a  shield  to  the  reformer  and  an  entering  wedge  lo  the  re- 
cluse. Barter  and  trade  make  a  liberal  u.se  of  it.  A  German 
writer  observes  tbat  it  is  a  parachute  to  (he  balloon  of  life. 
To  change  the  6gure,  it  is  a  switch  on  the  railway  of  life  pre- 
venting human  collisions.  It  is  a  universal  solvent  to  human 
temperaments,  and  like  a  touch  of  nature  makes  the  whole 
world  kin. 

"XenopbOR  reckons  that  the  man  who  makes  an  audience 
laugh  has  done  a  lesser  service  than  the  one  who  moves  it  to 
tears,  but  the  comedian  PhlHppos,  when  Socrates  asked  him 
of  what  he  was  proud,  declared.  'I  tjelieve  that  I  ought  to  be 
proud  of  my  right  to  the  gift  of  arousing  laughter,  as  Kalli- 
(ledts,  the  tragedian,  of  his  art  in  causing  tears.'  "  '  Lycurgus 
even  erected  a  statue  to  the  god  of  laughter.*  Cicero  says  that 
"it  certainly  becomes  the  orator  to  excite  laughter;  either  be- 
cause mirth  Itself  attracts  bvor  to  him  by  whom  it  ia  raised,  or 
because  all  admire  wit — ^but  chleSy  because  it  mitigates  and 
relaxes  gravity  and  severity,  and  often  by  a  joke  or  a  laugh 

»Niek,  Fr.  :  Narrenteite,  Bd.  t.  a.   (i86(.) 
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faKiks  the  faoe  of  oSenare  noiatlts  wUeb  *— ««*«f  cuQjr  bt 
flwsthnnni  bj  uigomeBta. "  It  hss  reawioed.  bowever.  fa 
IteamtofBodoii  Kicaoeaad  letters  to  indicate  more  sped£- 
eaOf  the  preUena  limjiwd  Id  the  origin  and  oatttne  of  bamor. 
I  Deed  hardly  state  that  the  itaeacksntTT  moldplied  in  nomber 
and  R&aefaeat  to  ibe  poiat  wbeie  their  cnumerattoa  bccooes 
lerfiona  It  is  a  pan  «  the  porpoec  of  this  paper  to  go  over  the 
Srid  with  the  hope  of  discowriog  a  point  of  view  tlutt  will  re> 
flolvv  the  seemiaglj  diveise  theories  to  a  common  basis  aod  to 
resute  more  explicitly  the  paycbologictl  natnre  of  hamor. 


n. 

GROtrriNG  OF  Thsokies. 

Grooe*  has  attempted  to  rcdnce  the  moltiplicity  of  bmnor 
theories  to  tvo,  "that  ol  the  feelisg  of  superiority  aod  that  of 
cootndidios."  Ribot*  admits  tb»c  as  rqoally  tenable,  bnt 
gives  some  space  to  Heckcr's  "cc>ntia&t  aiid  in temiii trace" 
theory  as  a  third.  I  woald  addlothe^e  three  rtooi>s  a  fourth, 
the  "liberty"  or  freedom  theory,  first  advanced  by  A.  Penjoo,* 

It  appears  that  Hobbes  was  the  first  to  stand  sponsor  for  the 
soperiority  theory.     He  expresses  it  as  follows:  "Tbe  pa^on 
of  laogbtei  is  Dotfaiog  else  botsoddenfflory  aristog  from  sadden 
conception  of  some  eniii)«ic>'  in  oorsetves  by  comparison  with 
tbe  infirmity  of  others  or  with  oar  own  formerly."     Snlly,*  in 
support  of  the  theory,  poinu  out  that  "we  tangb  at  all  ;«orts  of 
Uttleoess.  di^comfitares,  nnwortbiness  and  so  forth,  provided 
tbat  they  are  not  serious  enotigh  to  excite  compassion,  to  ofiend 
our  sense  of  decency  or  evoke  other  incoagnxMts  feelings." 
Bain*  observes  that  "the  occasion  of  tbe  lodicroos  is  tbe  deg- 
radation of  some  person  or  interest  poasessiD);  dignity  in  cir- 
cumstances that  excite  no  other  strong  emotion.    .     .     .     The 
element  of  the  genuine  comic  is  famished  by  tboee  dignities 
that  &om  some  circnmstsnce  or  other  do  not  command  serious 
homage."     Tbe  reader  is  referred  to  Prof  Bain's  ennmeratioa 
of  tbe  degradable  quantities.     Another  means  of  degradation, 
according  to  Bergson,*  is  the  mechanization  of  organic  move- 
ments, the  tn.tertion  of  mechanism  in  life  processes.     A  ready 
experiment  is  that  of  stopping  one's  ears  to  the  music  of  the 

(Cr«o«.  Karl :  Play  of  Man.  pp.  331-137. 

ntlbot,  Theodore:  t^avcholoey  of  tbe  Btnotwus,  pp.  M1-3S7- 

■Pcnjon.  A. :  L«  RUe  «  la  I,lt>ert&  Rernc  PbllOMpBiqne.  pp.  113. 
140.  Aug.,  1893. 

'Sully,  lame* :  Tbe  Human  Uind,  p.  tjo. 

*»«in,  Xlczandn :  Emotions  and  ib«  Will.  pp.  257-360. 

'ItcrgMn,  Hetiri:  I^  Rite,  Baaai  aar  la  SigQificatioa  da  Comique, 
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dance.  The  motious  of  the  participant!!  at  once  become  ludi- 
crous. The  drill  service  of  the  srmy  recruit,  the  divinity  stu- 
dent making  bis  maiden  effort,  the  iiew  clerk  at  the  counter, 
the  city  clisp  trying  to  be  "liandy"  on  the  fiinti,  to  fact  the 
attempts  of  all  novices  are  ludicrous  because  they  convert 
organic  into  mechanical  movemeuts.  Punch  and  Judy,  jumping 
jacks,  and  all  forms  of  punchincttos  ntre  some  of  their  oddity 
to  their  rigid  mid  wooden  movemeuts. 

Some  of  the;  more  p.itent  and  random  facts  of  the  superiority 
theory  sre  seen  in  the  savage's  laugh  over'a  fallen  foe,  in  the 
practical  jokers  guffaw  at  his  victim,  in  the  soldier's  shouts  of 
victory,  in  the  wild  uproariouti  »houl9  of  the  winners  iu  many 
forms  of  political  and  athletic  rivalry. 

The  theory  of  "contradiction"  or  "incongruity"  has  more 
adherents,  perhaps,  because  the  data  forming  the  general 
notion  is  so  plentiful,  diversified  and  patent.  This  has  led  to 
its  exploitation  along  Ncemingly  different  liiie:).  Schoi>eiihauer' 
and  Kant  and  thtir  commentators  hold  that  the  humorously 
incon^riient  coumsi.s  in  a  comparison  between  a  norm  and  its 
imperfections.  I'or  Schopcnhnucr  the  norm  is  a  concept  and 
the  imperfection  is  resident  in  a  related  percept.  He  says: 
"Therefore  in  everything  that  excileii  laughter  it  mu.si  always 
be  possible  to  show  a  conception  and  a  particular;  that  is,  a 
thing  or  event  which  certainly  can  be  suboumed  under  the 
conception  and  therefore  thought  through  it.  yet  in  another 
and  more  predominating  aspect  does  not  belong  to  it  at  all,  but 
is  strikingly  different  from  everything  else  that  is  thought 
through  that  conception,"  He  thinks  this  is  an  explanation 
of  the  humor  prm'oked  by  certain  animal  f»rin-i  such  as  apes, 
kangaroos,  jumping  hares,  etc.  There  is  something  about 
these  creatures  resembling  man  which  leads  us  to  subsume 
their  forms  under  the  conception  of  the  human  form,  and 
starting  from  this  we  perceive  their  incongruity  with  it. 
Another  variation  of  the  incongruity  doctrine  comusts  in 
grounding  the  comic  on  a  "baffled  attempt"  to  unite  incon* 
gruous  parts  into  harmonious  wholes.  The  baffled  attempt 
m»y  or  may  not  be  conscious.  The  consciou.t  result  is  de- 
scribed as  a  "delicate,  sudden  surprise."  Kracpelin*  speaks 
of  it  as  "an  unexpected  intellectual  contrast  which  awakens  in 
OS  a  contention  of  aesthetic,  ethical  or  logical  feelings  with  a 
preponderance  of  pleasure."  Dr.  G-  Stanley  Hall' explains 
wit  by  this  sort  of  incongruity  which  he  thinks  functions  as  a 

■Sch  open  bane  r,  Arthor :  The  World  as  Will  oud   Idea.  Vol.  II,  pp. 

375-180.     Ttandatcd  by  R.  B.  HaManc  and  J.  K«iup.     (1819.) 
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shock  to  the  psychophysical  organism.  The  comtnoo  misd 
even  speaks  of  being  shocked  by  wits,  jokers  and  puasten. 
Bain  admits  that  the  incoagmous  isludicroDs  if  it  is  de)|;radtD^, 
while  Spencer'  argcs  its  efficacy  to  produce  laughter  if  it  is  de- 
scending but  not  ncccBsarily  degrading.  Groos  observes  that 
these  two  theories  (superiority  and  incongrufly).  arc  by  no 
means  exclusive  the  one  of  ttK  other,  but  that  they  are  only 
oppased  in  that  each  accuses  the  other  of  failure  to  cover  aU 
the  facts.  Sully  and  Ribot  ntteoipt  to  harmonize  them  od  fta 
evolutionary  basis.  The  degradation  theory  explains  the 
humor  of  tiie  primitive  mind.— the  mind  that  gloried  in  the 
sudden  sense  of  physical  power  and  physical  victory,  while 
the  modem  mind  finds  enjoyment  in  incongrtiities.  "in  thoae 
fugitive  and  subtle  contradiciioits  which  constitute  the  princi- 
pal element  of  the  comic  to  be  caught  on  the  wing."  Groo» 
absorbs  both  theories  in  one  by  coosidering  the  appreciations 
of  the  comic  as  a  form  of  play  gronoded  on  the  iastiuctive  in- 
dulgence of  the  fighting  impulse,  aided  and  enlarged  by  the 
ideas  of  contrast. 

Ribot  calls  attention  to  the  &ict  that  the  nature  of  langhter 
(the  comic)  would  be  very  incompletety  known  were  we  to 
confine  ourselves  to  pure  psychology.  Humor  is  a  psycho- 
physical phenomenon  writ  larfje,  of  which  lauf^hter  is  the 
physical  aspect.  The  causes  of  physical  laughter  are  legion, 
and,  a<i  Darwin' has  observed,  extremely  complex. 

Spencer  was  the  first  to  consider  and  develop  a  satisfactory 
theory  of  the  physiology  of  laughter.  He  points  out  three 
possible  channels  through  which  nerve  centres  iti  a  state  of 
tension  may  discharge  themselves.  One  group  discbarges  in- 
to other  cortical  centres  which  have  no  connection  with  the 
bodily  members,  e  second  group  discharges  into  motor  centres 
and  thereby  causes  muscnlar  contractions,  a  third  may  pass  on 
the  excitement  in  centres  which  diitcharge  into  the  viscera. 
The  channels  which  discharge  into  the  motor  centres  may  cause 
laughter.  "Laughter,  tbeu,  isaformof muscularcxcitemcnt" 
and  so  illustrates  the  general  law  thai  feeling  passing  a  certain 
pitch  habitually  vents  itself  in  bodily  action.  The  movements 
of  laughter  are  without  purpose  and  aim.  They  yield  no  prod- 
uct. In  this  respect  they  are  similar  to  shivering,  to  certain 
automatisms  and  to  some  forms  of  imitation  aud  play.  They 
seem  admirably  fitted  as  spill-ways  for  uncontrolled  ener^^. 
And  hen!in  lies  the  explanation  ofwhycertaia  classes  of  muscles 
are  affected  first  and  then  certain  other  classes.     '  'For  an  ov«r- 
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flow  of  nvTve  force  uodirected  by  any  motive  will  manifestly 
lake  tbc  most  babitusl  routes,  and  if  tbese  do  not  su£Ecc  will 
next  overflow  into  the  less  liabitual  ones."  The  organs  of 
speech  furnish  and  arc  ihcrcforc  the  most  freqncnt  outlets  for 
feeling  The  masclcs  around  the  mouth  are  small  and  easy  to 
move  and  are  the  first  to  contract  under  pleasurable  emotions. 
The  mouth  movements  are  followed  in  order  by  those  of  res- 
piratiou,  then  by  tho^  of  the  upper  limbs,  and  if  these  latter 
are  not  snflltcicnt,  the  more  central  and  fnndamental  muscles  of 
the  head  and  body  are  brought  into  action  producing  the 
"hearty  laugh."  This  explanation  ol  the  physical  aspect  of 
laughter  has,  so  far  as  I  know,  been  generally  accepted  in  its 
main  features. 

In  1873,  thirteen  year?  after  Spencer's  paper,  Ewald  Hecker' 
published  his  unique  ^contrast  and  intcrmiltence"  theory,  in 
which  the  physical  a.spcct  receives  due  atienliun.  On  account 
of  its  interest  trom  an  historical  standpoint  it  is  here  briefly 
presented. 

1.  The  vasomotor  nerves  which  rejfulate  the  calibre  of  the 
smaller  arteries  can  be  excited  rcflexly  by  afiercnt  impulses 
conveye^l  either  from  the  blood  vessels  themselves  or  from  the 
end  organs  of  the  sensory  nervous  system. 

2.  Those  parts  of  the  body  rich  in  .small  blood  vessels  con- 
taining 'Vasomotor  nerves  will  experience  wide  volumetric 
diangcs. 

3  Of  such  parts  the  hniiti  is  chief.  Its  delicate  structure, 
its  bony  case  and  its  large  volume  of  blood  together  with  other 
fluids  make  it  highly  important  that  the  inflow  and  outflow 
of  blood  be  safely  regulated. 

4.  Such  regulation  is  accomplished  in  two  ways,  (a)  by 
changes  in  the  calibre  and  the  tonus  of  the  blood  ves-tets  as  in- 
dicated in  principle  i  above,  (b)  by  the  rhythmic  change*  In 
the  intra- thoracic  cavity  due  to  reiipiratory  processes. 

Hecker  inferred  from  scattered  bits  of  experimental  e\'idence 
that  tickling  acta  as  a  reflex  stimulus  to  the  vasomotor  nerves, 
which  in  turn  narrow  the  calibre  and  iacreftse  the  tonus  of  the 
cerebral  blood  vessels,  tbc  result  of  which  is  to  force  the  blood 
from  the  brain  cavity,  thereby  inducing  anaemia.  It  is  further 
argued  that  inspiration  co-operates  with  tickling  iu  cnusiug 
anaemia  while  expiration  checks  the  blood  flow  from  the  brain, 
thereby  restoring  normal  blood  pressure.  Atiy  device,  there- 
fore, which  prolongs  expiration  tends  to  correct  the  anemic 
condition.  For  Hecker  laughter  is  such  a  deWce;  it  is  a  bio- 
logical activity  developed  through  natural  selection  like  any 


'Hecktr,  Bwalil;  Physjologic  und  PBycbologic  de«  L^cheoa  and  dca 
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other  survh'B  lvalue  process.  The  laugh  is  a  powerful  reflex 
movemeot  which  compensates  for  the  dimiuislied  blood  pressure 
caused  by  the  tickle. 

Wc  arc  not  sure,  however,  that  an  aneemic  condition  of  the 
brain  favors  laughter;  it  is  a  mere  inference.  A  case  can  be 
made  out  in  favor  of  hypcrarmia  and  laughter,  *  not  to  mention 
the  bet  that  the  presence  of  vasomotor  nerves  in  the  vessels  of 
the  cortex  is  »till  unproven.' 

Hecker's  psychical  account  of  laughter  is  grounded  on  the 
phjrsic*!.  Laughter  as  a  mental  process  consists  of  aa  acceler- 
ated contention  of  feeling,  of  a  hither  and  thither  flaciuation 
between  the  plessaut  and  Uie  unpleasant  iu  which  the  unpleasant 
aspect  is  neglected,  that  Is,  is  nuconscious.  Continued  con- 
tcntioD  between  the  two  feelings  produces  tuutual  intcnslfica- 
titin  until,  as  in  the  comic,  "pleasure  is  passing  over  into  pain 
and  pain  into  pleasure,"  This  intermittent  feature  of  the 
comic  is  analogous  to  that  of  the  physical  tickle,  prodttcing  a 
similar  anii:niic  condition  of  the  brain.  Here  again  physical 
laughter  restores  the  nonnal  biood  pressure  by  prolonging  the 
respiratory  process.  The  defects  iu  this  theory  have  been 
pointed  out  by  HoeSding  *  and  Llpps,*  by  the  latter  at  great 
length. 

The  potency  of  tliese  time  honored  theories  stubbornly  to 
resist  a  Hegelian  synthesis  and  to  perpetuate  the  irreconcilable 
camps  is  uniquely  demonstrated  by  Miss  L.  J.  Martin.*  In  her 
paper  on  the"  "Psychology  of -■Esthetics.' "  Miss  Martin  presented 
to  the  view  of  her  reagents  a  pictorial  caricature  on  the  phrase, 
"'Spring,  gentle  Spring"  by  Mr.  Kcmblc.  of  Li/r.  They  were 
asked  among  other  things  to  as-sigu  a  cause  for  the  comic  in  the 
picture.  Concerning  "ftuperiority  and  degradation."  thirty- 
scvea  of  the  reagents  have  a  feeling  of  superiority  in  connec- 
tion with  the  Kemble  picture.  The  remaining  twenty-three 
report  themselves  as  having  no  such  feeling,  while  a  hundred 
and  eighteen  interpret  it  under  some  variety  of  Schopenhauer's 
"contra.st   theory." 

The  sections  that  follow  consider  the  "Liberty"  theory 
and  iu  possibilities  for  atnorbing  its  predecessors. 

III.      HUMOROfS  AND  NON-HUUOKOUS  Stimpli. 

The  immensity  of  space,  the  infinitude  of  time,  the  alterna- 
tion of  day  aad  night,  the  movements  of  the  heavenly  bodies, 

'Slewort:  Manual  o(  rhvsiology,  pp.  J54-J55, 
^AnirricRH  Text  Book  oi  Physiologj.  p.  304. 
■HoefldiciK,  Harali):  Outlfties  of  I'tfcliologv,  pp.  39t->93. 
'Ltpp*,  Tneodor;  Kumik  und  Humor,  pp.  9-15- 

'Maritii,  h-  }■'■  Pvychology  of  ^^athctics,  Amertain  Jottmal  of 
nsyeMfflogy,  Vol  XVI.  pp.  ioft-i09. 
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«]1  rhythmical  chatiftes,  never  inspire  humor.  The  samethiug 
is  apparently  trac  o?  all  physical.  cb«mfca1,  and  mathematical 
laws,  and,  likewise,  of  the  macroscopic  things  of  earth,  the 
waters,  tidal  movements,  cataracts,  mountains  and  foreats. 
deserts  and  plains.  According  to  Schiitze.'  dea<l  things, 
rocks,  stcmes,  rivers,  are  never  laughable  unless  human  quali- 
ties are  ascribed  to  them.  Bergson  declares  "Tliere  is  no 
comic  outside  of  what  is  properly  human."  Organic  life  iu 
tbe  lar^e,  such  as  swift,  rhythmical  movements  of  large  num- 
bers of  amtoals,  may  in§pirc  awe  an<i  dread  but  never  humor. 
Tbe  orderly  expression  of  life  processes,  such  as  the  heart 
beat,  the  mystery  of  sleep,  self-con»ciousness,  birth  and  death, 
give  no  sense  of  humor.  There  is  a  large  group  of  objects, 
sitnnlions  and  actions  which  incite  feelings  of  dis.gust,  of 
loathing  and  even  hatred.  Of  objects  there  may  be  mentioned 
parasites,  creeping,  crawltDK  and  slimy  things,  all  Slth.  all 
skin  and  eye  diseases:  and  of  actions,  all  form.s  of  tyranny  and 
bullying,  treachery,  poltroonery,  ingratitude  and.  according 
to  Bain,  the  "entire  catalogue  of  the  vanities  giveu  by 
Solomon." 

There  are  a  large  number  of  objects  which,  so  far  as  humor 
Is  concerned,  constitute  an  indifferent  iione.  Subdued  colors, 
gray  tones,  all  natural  forms  of  locomotion  and  movements,  all 
common  and  customary  occupuUoas,  all  actions  and  events  of 
familiar  notice  belong  here. 

By  this  process  of  elimination  it  appears  that  tbe  conditions 
averse  to  humor  arc,  (1)  the  mncrottcopic  thlngsof  the  world 
together  with  their  laws,  order,  harmony,  and  rhythm.  (2) 
those  tblng-s  which  are  inimical  to  life  and  freedom.  (3)  those 
things,  largely  of  the  social  order,  that  have  become  hubitual, 
regular  in  occurrence  anil  necessary  to  human  comfort.  There 
are  left  for  consideration  animals  and  their  actions,  man  and 
bis  actions,  clothes,  customs,  manners,  words,  language  and 
thoughts. 

I .  Ammais,  Sioall  animals,  like  small  people,  are  more 
likely  to  pro^-oke  humor  than  large  ones.  The  bantams  and 
games  arc  the  clowns  ai-.d  Don  Quixotes  of  poultrydom,  while 
the  Plymouth  Rocks  and  Shanghais  arc  the  prosaic  members. 
The  poodles,  terriers  and  spaniels  are  the  fun  makers  of  the 
kennel,  tbe  St.  Bernards,  grea*.  Danes  and  bull  dogs  command 
our  serious  respect  and  sometimes  more.  When  an  animal  of 
one  clas-s  does  the  task  common  to  an  animal  of  quite  a  differ- 
ent class,  it  is  apt  to  provoke  humor.  An  ox  in  shafts  drawidg 
a  top  buggy;  mules,  asses  or  buffaloes  running  a  race;  an  ele- 
phant drawing  a  chariot  arc  examples.    But  if  the  animal  is  set 


■SctiUtze,  Stephen:  Verancb  ciiieTTbeoTk  <le*  KomiMhen,  p.  36, 1817. 
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to  dolag  a  liaman  task  tfae  humor  Js  inteosificd.  The  ioiniit** 
ble  ^i^sop,  endowing  animals  witb  hamen  craft  and  qualities, 
made  this  style  of  humor  classical  for  all  time.  It  nppcnr*  iai 
modern  humor  in  the  doings  of  Jwlinuy  Bear,  in  the  clever) 
tricks  of  Brer  Rabbit  and  Brer  Fox.  and  in  the  county  fairs, 
chanty  balls,  political  conveniiou.1,  clinics  for  appendicitis  aod 
the  like  conducted  by  divers  species  humanly  »ociali2ed. 

3.  Afan.  Man  may  provoke  humor  by  his  size,  especially 
if  extremes  meet.  The  uuderaiied  is  likely  to  amuse,  espe- 
cjally  in  bis  pretensions  and  pasaons.  Unusual  features,  types 
of  u^lincs.1.  odd  shapes,  and  Polstaffian  proportions  coniain 
humorous  elements. 

3,  Actions.  M  i  micry  and  all  actions  of  a  pretentious  and  u  sc- 
less  sort,  and  in  false  time  and  space  relations  may  provoke  hu- 
mor. All  mimicry  isbumorous.  whether  in  the  form  of  the  poppet 
show,  the  pantomime,  the  burlesque  or  thecomedy.  The  pursuit 
of  uncertain  pleasures,'  idle,  and  sometimes  serious,  ({allantry, 
premature  aud  rustic  courting  readily  classify  witb  humorous 
actions.  Useless  actions  of  the  ideomotor  and  absent  minded 
type  arc  the  causes  of  maoy  of  the  comedies  of  errors  in  every 
day  life.'  Examples  are  numerous:  A  young  lady  partially 
disrobed  to  make  a  toilet  at  the  noon  hour  and  wound  up  l>y 
"saying  her  prayers,"  that  being  her  usual  next  step  in  the 
evening.  We  recall  also  the  well-known  anecdote  ot  Newton, 
who  carefully  put  his  watch  in  the  kettle,  and  resumed  his 
mathemnticul  Inbors  witb  the  egg  on  the  table  beside  bim  to 
indicate  the  time.  The  wrong  use  of  objects,  tools  and  ma- 
chinery often  make  an  act  hnmoroua,  for  instance,  ao  Indian 
purchasing  a  hearse  for  a  carriage  and  taking  his  family  to 
church  iu  it.  Awkwardness  is  a  common  type  of  action  natu- 
rally humorous.  Any  action  inherently  serious  may  t>ecome 
humorous  by  occurring  cither  out  of  time  or  out  of  place. 
Singing  ahead  of  time,  applauding  alone,  answering  questions  at 
the  wrong  time  on  formal  occasions,  an  unmindful  deacon  re- 
moving his  small  coat  witb  his  overcoat  and  sitting  down  in 
his  shirt  sleeves  in  church,  are  cases  in  point.  Hazlitt  re- 
mnrks,  "in  jocular  bistor>'  everybody  is  at  augles  to  real  life  ; 
people  do  precisely  what  they  ought  not  to  do,  say  what  they 
ought  not  to  to  say,  are  found  wbeie  they  ought  not  to  be 
found."' 

4.  Clolkts.  Clowns  and  professional  fools  supplement  their 
wit,  humor  and  mimicry  by  their  well-known  forms  of  dress. 
Johnny  Bull,  Uncle  Sam,  Santa   Claus  are  always  good-na- 

'Hazlitt.  William:  EoKliBh  Comic  Writers,  p.  14-     iSi^ 
'Jftitrow.  Joseph :  On  LapMs  of  CoDKionsaeM.  Pop.  Set.  Mo,,  Oct,, 
1905. 
■Hulitt.  W.  C. :  Slndica  in  JocnUr  Literature,  pp.  iii-3». 
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turedly  received,  partly  on  nocoont  of  iheir  drcxs.  Halloween, 
maskcii  balls,  Mardi  Gras  aud  carnivaU.  ancient  and  tnodern, 
ow«  much  of  their  charming  good  humor  to  dress.  It  lit  well 
known  tbst  we  laugh  at  the  dress  of  foreigners  and  ihey 
al  ours.  "Three  chimney  sweeps  nieettuK  three  Chinese  in 
Lincoln's- Inn -Kields.  laughed  nt  one  another  till  they  were 
ready  to  drop  down.  Country  people  laugh  at  a  person  be- 
cause they  never  saw  him  liefore.  Any  one  dr«s»ed  in  the 
height  of  fashion  or  quite  out  of  it  iii  equally  an  object  of  ridi> 
cute."  Doubtless  if  the  centuries  could  rise  up  and  vieweach 
other  en  masse,  thdr  finut  act  would  be  mutual  Laoghter  at  each 
other's  clothes. 

5.  Cuttcms  and  Manners.  As  stimulants  of  humor  customs 
and  manners  have,  perhaps,  no  equal.  They  excite  it  alike  in 
the  vulgar  and  in  the  cultured,  in  the  illiterate  and  the 
learned.  They  appear  in  excesseft  and  «xaKgeration.t  and  in 
violating  time  and  space  relations,  cither  as  innovations  or  as 
liiiiteriuK  too  louj{.  To  appear  in  excess  or  out  of  time  and 
place  implies  !iome  age  and  stability  in  human  institutions. 
Norms  aud  standards  of  fashions  must  be  formed,  regularity  in 
activilie-t  must  freeze  iutocu!>lum  and  the  free  .s)Mrit  of  f;ood 
fellowship  and  of  social  intercourse  must  become  habituated  to 
the  plane  of  manners  before  the  spirit  of  satire,  wit  and  humor 
can  react  for  or  against  them.  This  is  so  apparent  in  the  lit- 
erature of  every  people  that  it  seems  unnecessary  to  make  spe- 
cial references. 

6.  Words,  Language  and  Thought.  This  is  the  favorite 
tramping  ground  for  l>oth  the  humorist  aud  his  critic<i.  Here 
occur  the  most  delicate,  subtle  and  refined  specimens.  It  isalw 
here  that  an  attempt  to  give  an  adequate  treatment  reaemUes 
trying  to  bottle  «  fog  or  las.-«o  a  cloud.  To  make  some  bead- 
way,  however,  we  are  onder  the  necessity  of  drawing  a  few 
distinctions.  All  words,  language  and  thoughts  not  humoroas 
to  the  speaker  but  so  interpreted  by  the  observer  may  be  tvmie<l 
uneonscious  humor  (following  the  lead  of  common  usage). 
The  humorous  interpretation  of  unconKcious  humor  may  be 
calleil  patiive  humor.  All  deliberate  use  of  words,  language 
aud  thoughts  and  the  exploitation  of  all  other  humorous  stim- 
uli by  the  sulijecl  for  humorous  effects  may  be  conMdercd 
active kumor.  In  what  follows  the  text  indicates  which  sort  is 
meant, ' 

a.  Concerning  word«  it  appears  that  their  missi>el1ing,  mis- 
pronunciation, misiaterprelatiou,  forced  and  misusage,  pun- 
niug,  repetition,  localisms,  foreign  accent  and  even  iutonatioo 


'  For  R  (liccumion  of  the  forms  of  the  cotnic,  see  Lipps:  Komik 
and  Humor,  pp.  ;&-iqi. 


endow  them  with  n  certain  degree  of  hmnor.  Many  of  the 
humorous  classics  use  one  or  more  of  tbeite  methods.  The 
wrJliugsof  "Artemns  Ward"  uid  "  Josh  Biltiags"  practicallj 
cxhuust  the  possibilities  of  mtsspelling.  All  formit  of  dislcci 
now  occupy  much  of  the  hatooroiis  field  of  Diispronunciation 
»nd  misiaterpretatiou.  Dtckeiui  displays  the  worth  of  forced 
nsagc  in  the  inimitable  Ptckwick.  Sheridnn  creates  Mrs. 
Malaprop  largely  by  these  nMlbods.  Shakespeare  had  the 
courage  to  puo  to  bis  own  satisfaction.  Dickt^ns  agsin  has 
used  repetition  to  >  fine  effect  in  several  of  hi«  characters.  We 
recall  Mr.  Tools,  "of  no  consequence"  and  Joey  Ba^sifxrk  who 
is  "devilishly  sly."  Provindalisms  and  forei)tn  accents  entet 
into  the  Iinmor  of  daily  life  more  than  into  that  of  literature. 
The  unconscious  distortion  of  words  by  the  illiterate,  the  naive 
and  the  pretentious  «dd.s  to  the  quality  of  this  sort  of  humor. 
In  fact,  whether  the  distortions  are  "made"  or  are  ouconscions, 
their  humor  depends  on  our  apprehendinn;  them  as  nnconsciotis. 
A  farmer  who  made  daily  business  trips  to  Richmond  assured 
his  neighbor  that  he  always  dined  at  a  "first-cla&.s  reser\-oir.*' 
A  colored  .-iervnnt  in  my  own  home  iisked  for  a  h»lf  holiday  to 
goon  a  "railroad  'squasbtn,'"  (What  irony  io  the  light  of 
recent  events !) 

6.  Language,  much  more  than  cnstomsand  manners,  requires 
a  civilization  of  some  age  and  stability  in  order  to  fumisb  both 
the  conditions  and  the  material  for  hnmor.  George  Meredith* 
has  urged  that  a  society  of  cultivated  meu  and  women  Is  re- 
quired  wherein  ideas  arc  current  and  of  some  duration,  and  the 
perceplioos  quick  that  the  humorist  may  be  supplied  with 
matter  and  an  audience.  "The  semi- barbarism  of  merely 
giddy  communities,  and  feverish  emotional  periods"  create  no 
humor.  Quaiotnes-t  in  lau^ua)|;e.  as  in  other  things,  gives  a 
tinge  of  humor.  A  description  of  the  tublc  m.iiiiier!t  of  a  nun 
or  of  a  lady  of  culture  in  modem  language  would  be  sorry 
business,  but  when  Chaucer  says  of  the  nun, 

"At  itirtc  uel  ;r-tfiut;lii  wn»  she  with-alle ; 
She  Icel  no  morsel  ftom  her  lippes  lalle, 
Ne  wclte  btr  &agrc«  iii  kif  sauce  dcpc." 

be  Stimulates  our  sense  of  humor.  Here  belongs  the  grave  and 
serious  style  in  connection  with  trivial  and  prosaic  matters. 
Many  of  the  failures  of  language  to  fit  the  thought  yield  humor, 
a  common  type  ih  verbcMiy,  In  Ihi.t  connection  t  may  cite  the 
following,  which  is  supposed  to  come  from  the  Mt.  Sterling, 
Ky.,  Reporter  (Colored) : 

Dear  Editor : 
Clcnie  Allow  sie  a  space  iu  your  momemoti*  Gatette  to  reciprocate 


I  McTcditb,  George :  An  B**ay  on  Comedy,  p.  8,  London,  1905 
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my  gralltude  to  tbe  iDdcfmenably  worket*  of  tbe  Itvergrecn  BaptiM 
Cnnrcb.  nubile  sitting  in  m}r  ttudio  latt  PtiiUy  cvcnluK  K^cally  ob- 
KOrbcd  in  Ihe  moincDtoiis  problem  ■«  cnlkd  Negro  problem  I  «<-re 
luteirupted  by  the  siitlictii  '■Theie  •linll  he  nbowera  of  blessing" 

witich  rendered  me    gurpriaal  liuppy After   *  ){encr«l 

parlance  I  were  divinely  impreiscd  to  descant  on  the  altrouistic  tpirit 
tlmt  tbotiliS  eli«r«cttriie  the  chnstiandoni.  A  aumpluoua  repast  fol. 
lowed  and  all  present  sliiated  tlieir  fju-ttfoiiomic  de»ife.  Bio.  Bca 
Mitchell  diitiuKuiihcd  him»elf  from  the  >ctt  by  bis  linplucnble  voraa- 
ilv,  Mav  God  bless  the  member*  of  the  Ererurecii  Baptist  church. 
Many  tbanks.  F * .  Poitor. 

Ultia  slang,  brii»)uc  catch  wotcU  and  phrases  of  commoo 
life  may  provoke  humor  for  a  short  period.  This  field  w  illus- 
trated by  the  raonologuc*  of  Chiiumie  Fadden  and  the  writings 
of  OeoTge  Adc.  The  speech  of  the  excited,  the  irritated  and 
the  fatigued  i.s  often  rendered  humorous  by  tuvcrston,  orai^«- 
sions  and  swkwanl  substitutions.  A  prospective  bridegroom 
at  the  church  door  in  consultation  with  his  minister  inquires 
excitedly.  "Is  it  kistomary  to  cuss  the  bride?"  Grumio  an- 
swers bis  master,  "Ah,  sir,  they  be  ready:  the  oats  have  eaten 
the  horses."     Taming  of  the  Shrew,  Act  III,  sc.  3. 

c.  What  a  man  thinks  or  fc«ls,  although  serious  to  him, 
may  be  just  as  much  an  object  of  humor  as  a  aitnation,  an 
awkwurd  movement  or  a  form  of  speech.  The  imconscioas 
maker  of  humor  in  thought  is  my  next  neighbor.  More  gpe- 
cificiilly  it  i)t  the  illiterate,  the  ignorant,  the  inexperienced,  the 
credulous,  the  skeptic,  the  superstitions,  the  over-serious,  the 
vain  and  the  prosaic.  The  humor  usually  appears  in  the  at> 
tempt  to  deal  with  situations  and  problems  somenhat  beyond 
their  ken.  The  ignorant  and  illiterate  amuse  by  their  literal- 
isms, pretensions,  evasjoiut  and  superstitions.  Dickens  makes 
frequent  use  of  this  form  of  humor,  witness  Joe  Gargery's  pre- 
tensions at  reading  for  Pip's  bcuc6:.  Thackeray's  Captain 
Rnwdon  Crawley  is  a  fine  s]>ecimen  of  stupid  ignorance.  Many 
superstitions  arc  kept  alive  by  their  humorous  vein.*  luex- 
petietice  is  the  lot  of  childhood  and  its  bumor  is  expressed  in 
its  qnestions.  in  its  wonderings  and  \x%  explanations.  This  is 
abundantly  verified  in  the  literature  of  childhood,  now  occu- 
pying excessive  .sjKtce  in  current  magazines.  The  humor  of 
the  credulous  appears  in  a  condensed  form  in  their  responses 
to  the  yarn-spinuer  and  prank-player.  The  faith  and  works 
of  the  inventor  are  often  ahead  of  his  time  and  are  therefore 
the  butt  of  the  common  mind.  Cervantes  made  Don  Quixote 
the  prince  for  all  time  of  the  over-serious,  and  Malvolio  of 
Twelfth  Night  typifies  the  vain  among  indivEduala  of  small 
parts.     Delivering  great  force  into  small  matters,  exerd»ing 

■Jobnsou.  Clifton:  Some  New  EnKlaod  Superatitioo« :  New  Eng. 
Mag.,  Oct.,  1906. 
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much  tliought  over  petty  cjucstions,  exalting   trifles  to  the 
plane  of  tlie  magnificent  (orm  a  i>trciinial  source  of  humor. 

Attive-ihaugbt  humar.  Active- thought  humor  is  as  complex 
and  inGnite  in  variety  as  thought  \i»e\(.  Its  consideratioD 
natnrally  belongs  with  that  given  to  the  nature  of  humor  ia 
the  next  section.  It  is  taken  up  here  foi  the  reason  that  it 
euiploys  a  wider  rauge-of  htimoroos  stimuli  thao  that  juat  de- 
tailed. Perhaps  the  earliest  form  of  this  humor  is  expressed 
by  the  child  In  its  "surpH'te"  and  peek-a-boo  plays.  While 
learning  to  talk  it  uses  mimicry  to  good  effect  and  a  littl*;  later 
imitative  and  even  original  tricks  are  performed  for  amuse- 
ment. Krom  about  four  years  oM  to  teu  original  hnmoroot ' 
drawings  arc  made  with  considcrnblc  zest.  As  soon  as  ttaejr 
acquire  some  degree  of  familiarity  vrith  the  mother  tongue, 
guessing  games,  riddles,  conundrnms  old  and  new,  rhyming, 
punning  and  joke-making  are  used  with  greater  or  less  fre- 
quency for  humoTOUS  purposes.  Thi»  period  uatnrally  oon- 
Dcctit  with  the  drollery,  downishness  and  prank-playing  of 
adolescence — a  period  rather  barren  in  creative  humor.  Ado- 
lescence laughs  much  but  creates  no  humor,  so  far  as  I  can 
SRoeTtsiu.  The  gravity  of  life  is  dawning  and  sdf-coQscioua- 
niesA  is  too  frequently  on  guard,  thereby  piecliiding  the  coDdi* 
tiODs  for  creating  humor.  Cicero'  was  the  first  to  have 
extensii'ely  considered  nctive- thought  humor  in  adult  life.  He 
apologizes  for  his  number  of  headings.  "I  have  divided  these 
matters  into  too  many  headings  already — but  in  general  their 
varieties  are  reducible  under  a  few  general  heads ;  for  it  is  by 
deceiving  expectation,  by  saiirinng  the  tempers  of  others,  by 
playing  humorously  upon  our  own,  by  comparing  a  thing  with 
something  worse,  by  disEcmbling,  by  uttering  apparent  ab- 
Bordities  and  by  reproviiig  folly  that  laughter  is  excited." 
Elsewhere  he  includes  "pretended  mUundersUndings.  wishing 
the  impossible,  uniting  discordant  particulars,  and  concealed 
suspicion  of  ridicule."  Of  course  it  is  evident  that  the  wit 
and  the  humorist  employ  these  sc\'eral  means  together  with 
those  1  have  already  described,  while  the  cartoonist  adapts  the 
same  principles  to  the  pen  and  brush. 


IV. 

Taa  Natokb  and  Origin  op  Huuok  as  a  Msntax, 
Process. 

Scbiitzc  in  1817  and  Hazlitt  in  1S19  r^sumiSd  the  various 
opinions  as  to  the  nature  01  huuior  up  to  their  time.  The 
former  cites  some   fifteen  different  authorities    and     views. 


'  Cicere ;  Orstory  and  Orators,  Bono's  ed.,  p.  303. 
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Schopenhauer  in  1819  made  a  decided  contribntion  in  that  he 
attenipled  an  exact  deitcriptioii  of  the  mental  processes  involved. 
Since  then  the  nature  of  the  mental  process  and  its  physiologi- 
cal basis  have  been  the  main  points  of  discussion.  Schiitze, 
UoefTding  and  Sully  call  attention  to  the  sense  of  freedom  In- 
volved. Penjon  in  [893  describes  at  soin«  length  the  relation 
of  this  sense  to  humor. 

I  have  already  pointed  out  that  the  appreciation  of  law,  of 
order,  of  harmony  and  of  those  thiiiRs  that  are  inimical  to  life 
and  freedom  bcgeis  a  sol^r  menial  nttitiide,  the  intensity  of 
which  varies  with  the  weigbtinrss  of  the  matter  and  the  Issues 
involved.  Now  if  when  dealing  with  such  matters,  the  think- 
ing process  continues  oTganizixl  and  controlled  and  progrei^ses 
toward  sn  end,  it  is  termed  rational.  Bnt  i(  the  mental  tension 
exceeds  the  capacity  for  controlled  thinking,  brought  on  by 
thesuddentriumphof  wrong  and  evil  values,  disruption  of  the 
thinking  process  at  once  ensues  accompanied  by  an  unpleasant 
emotion  ranging  fn>ni  mild  disapiwintmcnt  to  the  tragic:  if.  on 
thecontrary,  thedisruptioniscauscdbythcsudden  triumph  of 
good  values. »  pleasant  emotion  results.  In  either  case  organized 
and  rational  processes  give  way  to  those  of  an  uaoontrolled  and 
emotional  sort.  The  mental  stream  hashad  its  banks  torn  away 
and  its  forward  movement  ((lopi»ed,  voluntary  movements  aie  re- 
placed by  hereditary.  In  the  more  intense  form  a  reversion  to 
primitive  conditions  may  occur:  for  we  then  do  and  say  thincs 
that  may  shame  us  in  onr  sober  moments.  Now  the  humorous 
process  occurs  in  just  such  a  disrupted  consciou.iness  at  the 
triumph  of  good  and  pteasumble  values  preceded  by  a  menial 
teuivion  similar  to,  but  not  always  equal  lo.  that  preceding  emo- 
tions. The  common  and  quiet  forms  of  humor  u.tually  occur 
in  a  consciousness  that  has  been  running  at  its  usual  strength 
and  depth,  sufficiently  organized  to  command  the  situation, 
assume  a  definite  form  and  take  on  a  certain  strength  of  surface 
tension.  (The  term,  "surface  tension,"  simply  extends  the 
water  metaphors  of  psychology  in  a  logical  direction.  I  use  it 
to  indicate  the  impervious  condition  of  consciousness  formed 
any  attentive  state,  the  strength  of  the  surface  tension  being 
direct  proportion  to  the  intensity  of  attention.)  The  func- 
of  the  humorous  stimulus  consists  in  cutting  the  surface 
tension,  in  taking  the  hide  off  of  oonaciousnev  n.s  it  were  and 
in  breaking  up,  in  part  only,  its  organization,  which  is  at  once 
followed  by  the  humorous  feeling,  the  next  wave  in  the  stream 
of  conwHonsness.  The  cogultii'C  elements  in  the  humor  pro- 
cess consists.  (1)  of  the  perception  of  the  stimulus,  (2)  the 
Mnw  of  freedom,  Each  of  these  counilive  elements  Is  suf- 
fused by  pleasant  affective  elements  which  constitute  in  their 
totality  the  unique  and  dominant  humor  tone.     The   unique- 
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neu  of  Use  hamor  tone  is  the  crux  of  the  matter.     The  mentsi 
tCDsion  preoeding  tfae  htimor  process  is  not  the  differeatJa.  for 
that  precedes  any  and  all  emotional  states,  yet  it  is  an  essen- 
tial condition.     The  clue  lies  in  the  nature  of  tlie  hamor  stim- 
ulus and  the  relation  sustained  to  it  by  the   individual.     This 
stimulus  belongs  to  an  order  of  IcnowledKC,    whose   laws,    nni- 
formitics,  maaoers  and  cmtoois  have  iiriNen  tiince   tfae    human 
mind  has    attained    its  present    estate.     Contrast     with    the 
humorous  stimuli  the  non-humorous  and  it  appears,    humanly 
speaking,  that  the  latter  have  always  existed.     The    heavens, 
the  laws  of  matter,  cosmic  forces  of  whatever  sort  were  in   ftill 
swing  when  human  consciouxneu  dawned,  their  operation  has 
participated  in  mental  evolution  and  to   that  extent    has  im- 
pres.sed  law  and  order  upon  it.     Therefore,   when   we    are  tm- 
gaged  with  these  things,  sober  thinking,  pleasant  or  nuplcasant 
emotions  are  the  outcome,  but  never  humor.     "The   spirit  of 
mind  in  infancy  may  be  through  and  through  playful,   but   as 
it  nnfoldti  and  develops  in  a  world  of  order  and  law,   it  comes 
to  operate  in  an  orderly  fashion.     We  see  nature   in  terms  of 
law  and  order,  that  Is  in  terms  of  scieace.'"      But   it   will   be 
noticed  that  the  humorous  stimuli  are  departures,  exaggera- 
tions, even  violations  of  the  laws,   uniformities,  concepts  and 
what  not  that  have  evolved  out  of  man's  experience.     The 
significant  fact  for  humor  is  that  these  departures,    exaggera- 
tions, etc..  do  not  disturb  the  recognized  values  of  good    and 
evil.     The  mind  maintains  all  the  while  a  di.iinterested   atti- 
Inde  toward  the  object  of  its  activity.     We  seek   neither   to 
correct  nor  further  exaggerate  the  departure  from  the   norm. 
It  i.i  lime  to  feel  and  not  to  act.     We  enter  into  .exthctic  rather 
than  practical  relations  with  the  object  of  our  humor:  should 
we  seek  the  practical  the  humor  at  once  ceases,    is.<iuing,   per- 
haps, in  bitterness  or  joy.  sarcasm  or  flattery,  indignation  or 
admiration.*    Penjon  writing  upon  this  point  says:     "If  one 
separates,  as  must  be  done,  the  causes  which  too  easily  deform 
the  comic  and  make  of  it  an  emotion  of  wickedness  or  bitter- 
ness, the  comic  emotion  will  appear  purely  disinterested.     I 
mean  by  this  [hat  the  object  or  the  event  which  is  the  occasion 
of  the  comiccxcludes  every  idea  of  loss  or  of  profit,  that  it  makes 
us  conceive  neither  hope  nor  fear  and  seems  to  us  at  the  same 
time  neither  advantageous  nor  harmful  to  any  one  ;  it  is  worth 
in  itself  what  it  is  worth  without  adding  to  our  idea  of  it   nnjr 
consideration  of  end  or  ideal.'*     The  humorous  process,   then, 
like  play,  is  its  own  end  and  jostiScation.     The   kinship  be- 

'Penjou.  A.:  /Wrf.,  p.   1I7. 
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tween  humor  and  play  not  only  sURRcsts  rclalionships  between 
Inunorand  ficcdotn,  which  I'enjon'  liiwso  well  worked  out,  and 
between  humor  aud  sesthetics  long  ago  indicated  by  Kanl  and 
recently  treated  by  IvJpps,  but  that  mental  activities  long 
interpreted  as  play  should  be  credited  to  humor.  I  have  al- 
ready indicated  the  survival -value  of  humor  for  superstition  ;  it 
doubtless  performs  a  similar  and  larger  function  for  play.  It 
is  suggested  that  a  number  of  the  so  called  plays  of  the  higher 
mental  processes  named  by  Groos*  are  by  nature  humorous,  (he 
humorbeing  expressed  in  Ibrra^ofpliiy.  Humor,  then.  Js  an 
end  in  itself  and  has  no  practical  interest  in  its  object.  TAts 
fati  fOnsHhites  its  first  differmtia. 

I  have  already  indicated  that  ihe  sense  of  freedom  is  b  con* 
stituent  element  in  the  humor  process.  Its  consideration  is 
next  in  order.  To  that  end  I  submit  some  of  the  evidence  as 
it  bad  formed  in  my  own  mind  before  mectitig  with  Peojoa's 
extended  acconnt. 

The  family  and  guests  are  seated  about  the  fireside  enjoying 
tbe  moments  of  silence.  The  only  light  is  that  of  the  glowing 
embers.  A  smouldering  bit  of  hark  suddenly  flashes  up  and 
a  smile  plays  over  the  faces  of  the  silent  group.  The  stroke 
of  a  aweet-toned  clock  or  a  .snee/e  or  the  dropping  aud  rolling 
of  a  sewing  thimble  or  of  a  ball  of  yarn  produce  under  similar 
conditions  the  .■tame  effect.  A  group  of  boys  are  seated  on  the 
bank  of  a  bathing  pond  apparently  gazing  at  the  water's  glassy 
surface.  Suddenly  it  is  broken  by  huge  drops  of  rain  out  of 
an  apparently  cloudless  sky.  The  boys  smile.  The  humor 
response  in  such  cases  is  weak  and  simple.  At  such  times  con- 
sciousness U  damped  down  to  dreamy,  pleasant  processes  un- 
der tax  attention,  and  tbe  mild  humor  results  from  the  sudden, 
delicate,  barmtess  stimulus  piercing  its  surface  tensioD.  dis- 
rupting its  feeble  structure  and  thereby  permitting  it  to  more 
on  in  a  more  free  and  spontaneous  fashion.  But  let  the  SQf* 
face  tension  and  structure  of  consciousness  become  toughened, 
cramped  and  tense  by  responding  to  routine  or  grave  or  bard 
conditions,  and  objects  of  little  or  no  inberent  humor  will  be- 
come excruciatingly  humorous.  "Snickerin'  at  nothiu'  " 
in  the  school  room,  giggling  before  strangers  and  company, 
especially  at  the  table,  the  increasing  intensity  of  annoying  re- 
turn waves  of  hnmor  on  solemn  occasions  are  cases  in  point. 
Bain  observes  that  in  a  court  of  justice  or  in  an  assembly  of 
ordinary  gravity  a  tridiug  incident  causes  laughter,  aud  that 
the  young  are  the  greatest  MifTe.'crs  by  the  imixwition  of  grav- 
ity and  are  the  most  disposed  to  break  free  from  it.  They  en- 
tertain a  mock  solemnity  for  the  intense  delight  of  rebounding 


■PcnjoB  :  Ibid.,  p.  116. 


■Groofl,  Karl:  Ibid.,  pp.  lu-itic). 


436 


Kum: 


from  It.  just  as  they  toll  up  to  the  top  of  an  eminence  for  the 
SAkc  of  the  downward  ran.  Members  of  college  glee  clubs  in- 
form mc  that  they  !k«  humor  in  everything  while  on  their 
vacation  luusicsl  tours.  Damiu  records  that  the  Gcrmsa  sol- 
diers before  the  siege  of  Paris,  after  strong  cxcitemeDt  fron 
exposure  to  extreme  danger,  were  particularly  npt  to  burst 
into  laughter  at  the  .•imallest  joke.  I  have  received  testimony 
from  eye  witnesses  of  the  San  Francisco  earthquake  to  the 
effect  that  for  several  days  followlDg  the  shock  not  only 
laughter  but  good  nature  and  humor  overflowed  on  slight  provo- 
cation.  The  history  of  hnmorons  literature  discloses  the  fact 
that  it  Is  most  prolific  in  those  crises  and  changes  in  bnoua 
affairs  at  which  the  conwi'msncss  of  freedom  breaks  oat. 
Martin*  tells  us  that  the  parody  was  first  introduced  daring 
the  perfoTmancc  vi  Gretlc  traf^edjeit  lo  relieve  the  audience 
from  the  intense  mental  strain.  In  the  severe  atmosphere  of 
the  king's  court  the  court  fool  was  an  important  adjunct.  lo 
reality  his  was  the  freest  pcrKOnaltty  of  the  gronp.  tbe  king  not 
excepted.  King  Lear  and  his  fool  furnish  a  most  striking  ex- 
amplie  In  literature. 

These  considerations  indicate  an  intimate  kinship  betweettg 
the  humor  process  and  tbe  sense  of  freedom.     Tbe  real   con<< 
ncction  hecomirs  apparent  when  the  nature  of  the  stimulus  is 
taken  into  account.   It  has  already  been  shown  that  the  stimu- 
lus pcT\~erts  nnd  break.*  up  the  mechanism  and  order  about  ns. 
It  appears  aa  the  only  objective  fact  in  our  experience   thatj 
dares  to  defy  the  world  order  with  impunity,  that  can   violate' 
rathlessly.  without  pain  and  without  apology,  tbe  manifold  hu- 
man contrivances,  social  customs  and  relationsbipa  and  thereby 
not  onlycreatcs  the  sense  of  freedom,  but  also  assures  ns  (bat  we 
may  temporarily  escape  from  tbe  uniformities  and  mechnnisms 
of  life.     The  sense  of  freedom,  once  bom  through  these  tem- 
porary escapes  from  nnifonnity,  has  been  objectified  into  the 
so-called  principle  of  freedom.      Any  means  that  will   lift  tbe 
veil  of  law  and  social  orxler  and  rcvtrat  freedom  as  en  abiding 
reality,  will  produce  pleasure.  Play,  art  and  the  humor  ntlma- 
lus  are  such  means.     Play  performs  thi.s  function  especially  for 
tbe  young,  art  for  the  trained  and  educated,  but  humor  ministers 
impartially  to  all  ages  and  classes.     By  its  revelation  of  free- 
dom, abundance  of  life,  springs  of  spontaneity  and  possibilitte.i 
of  progress  arc  made  more  manifest.     So  long  as  the  present 
order  of  things  is  taken  for  granted,  so  long  as  present  ways 
and  laws  are  accepted  as  the  only  ways  and  laws,  change  and 
progress  if  any  is  accidental.     The  humor  stimulus  reuds  the 
veil  of  uniformities  and  bids  us  look  behind  the  scene  where 


>Martia,  A.  S.:  Parody,  p.  i. 


IB  FSVCBOLOOY  OF  BUUOR. 

lock,  chance,  spontaneity  and  life  operate.  It  is  the  nnccr- 
(aiottes  and  not  the  certainties  of  life  that  f|;ive  it  zest  and 
chnrm.  Let  the  ontcomc  of  a  game  or  contest  becoiae  a  "dead 
sure  thing"  and  iuterest  will  nee  away.  We  are  rather  chary 
of  an  over-scientific  game  in  which  luck  and  chimoe  are  sup- 
planted by  rigid  rules.  The  bumor  stJmalus  gives  glimpses  of 
the  world  of  uncertaintieii,  of  spontaneities  and  of  life,  and  in 
.40  doing  cretitcs  the  sense  of  freedom  of  which  the  sense  of 
hnmor  is  the  obverse  side.  The  sense  of  freedom  is  the  second 
diSerentin,  tlicrcforc,  of  humor. 

The  failure  to  sec  that  the  sense  of  freedom  is  a  constituent 
part  of  the  sense  of  humor  is  doubtless  responsible  for  the 
"supeTioritjr"  and  "degradation"  theories.  The  sense  of 
power  yields  pleasure  hut  not  humor.  The  sense  of  power  is 
wrapt  up  with  obtigatioiLt,  practical  interests  and  relationsliips, 
the  humor  stimulus  docs  not  make  us  aware  of  power.  In- 
congruity, descending  or  otherwise,  all  disorders  of  time  and 
space  relations  in  our  actions,  customs  and  langunge,  alt 
raechaoized  living  movements,  all  deliberate  manipulation  of 
the  humor  stimuli  are  only  humorous  when  they  excite  the 
sense  of  freedom.  If  there  is  any  genuine  humor  in  the  shouts 
of  the  victor,  it  i^  <lue  to  the  sudden  sense  of  freedom  arising 
&om  the  removal  of  the  obtitructions  to  victory.  It  would  then 
appear  that  the  multiplicity  of  humor  theories  may  be  resolved 
ioto  the  freedom  theor>-.  The  theories  hilberlo  advanced  have 
been  more  a  classification  of  humorous  stjmtili  than  explana- 
tions of  humor  as  a  mental  process. 

Origin.  A  cross  section  of  our  mental  life  shows  first  an 
aspect  composed  of  herediury  factors  (unlearned  reactions), 
second  a  well  defined  aspect  of  acquired  factors  (learned  reac- 
tions) composed  of  what  the  individual  docs  for  himself  and 
what  is  done  for  him,  and  third  an  ill  defined  aspect  that  per- 
meates the  other  two  and  in  adclition  enjoys  fn  part  a  separate 
existence  of  its  own  made  up  of  unmechanized  and  elementary 
mental  factors.  One  readily  recognizes  the  second  aspect  as 
iotclltgence.  Prof.  Royce'  calls  it  "docUily."  It  may  be 
termed  mechanized  mind  in  that  it  represents  mind  reduced  to 
law  and  habit.  Getting  on  in  the  world  is  dependent  to  a  de- 
gree on  a  certain  quantum  of  mecbatiited  mind,  Common 
UKage  employs  Micb  terms  as  habit,  adjustment,  adaptation, 
education,  to  designate  such  an  equipment.  Several  prooex-scS 
are  involved  in  its  piodiiction,  such  as  imitation,  learning  by 
"trial  and  error"  and  by  "understanding."  Of  the.se  methods 
those  that  make  the  most  use  of  i-oluotar>*  attention  arc  the 
quickest  in  results  and  the  most  extravagant  with  mental  en- 
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CTgy;  here  it  Is  that  mental  tensfoa  re«che«  its  hig:1iest  pi 
Relief  comes  in  a  variety  of  well  knowa  visyn,  humor,  perb. 
being  the  most  umque  of  the  lot  from  tbe  fact   that    it 
plishcs  its  parpose  with  ibe  leaKt  expenditure  of  encrg>' 
a  time.  too.  when  the  individual  can  ill  aSord  to  make 
fices  in   the   interest   of   recreatiOD.     Considering,   th 
oature  of  bnmor  as  s  mental  process,  and  the  nature 
stimulus,  together  with  the  conditions  under  which  it  a^ 
it  seems  highly  probable  that  it  emerged  as  a  distinctive  p: 
from  tbe  states  of  iHatientive  /rttihm  immediately  preceded 
»;AXK&oine(eswryatUnUem.  It  should  be  mentioned  in  this 
Dection.  that  even  with  the  sense  of  humor  as  a   part  of 
coiiKiou.s  mechanism,  its  operation  is  decidedly  iuflueticed 
tbe  compositioii  and  organization  of  consciousness  as  affecti 
by  preoccupation,  mood,  temperament,  belie&  and  ideals.  Mi^i 
Martin  invaded  this  subtle  field   with  experimental   metb 
and  came  out  with  results  well  worthy  of  record.' 

V. 

FnscTioNS  OP  HtmoR. 

The  psychical  function  of  humor  is  to  delicately  cut  the 
focc  tension  of  consciotuiiess  and  to  increase  tbe  pliancj*  of  it 
structure  to  tbe  end  that  it  m»y  proceed  on  anewondstrcngtl 
ened  basis.  It  "spelU"  the  mind  on  an  up-hill  pall.  PcrliRp 
its  largest  function  is  to  detach  us  from  our  world  of  good  aa 
evil,  of  loss  and  gain  and  enable  us  to  ace  it  in  proper  perspec 
tive.  It  frees  tts  from  vanity  on  Ibe  one  hand  and  fiom  pessl 
mlsm  ou  tbe  other  by  keeping  us  larger  than  what  we  do  an 
greater  than  what  can  happen  to  us. 

Tbe  pbysiologioal  functioi}  appears  to  becommon  koowtedgc 
for  certainly  its  supposed  in6ucuce  on  adipose  tissue  has  passei 
into  a  proverb.  Kunt  cherished  the  belief  that  laughter  had  1 
beneficent  effect  on  our  digestive  organs  even  down  to  our  ver| 
entrails.  Heclcer  advocates  tbe  idea  that  it  relieves  the  anaemil 
of  the  brain  induced  by  tickling. 

Hb  biological  function,  in  my  judgment,  is  far  more  unique  ii 
mental  economy  than  is  its  nature  as  a  process.  I  have  already 
called  attention  to  the  unmcchanized  aspect  of  mind,  a  mattei 
more  readily  believed  than  easily  proven.  To  adduce  adequntt 
evidence  of  the  magnitude  and  the  Importance  of  this  nspec 
of  mind  over  tbe  mechanized  and  hereditary  portions  wouh 
lead  us  loo  far  afield.  For  the  sake  of  a  better  appreciation  0 
our  problem,  however,  a  few  considerations  on  the  point  seen 
worth  while.  First,  we  register  our  belief  in  its  czistenee  b; 
such  expressions  as  mind  growth,  naivet^.  self-activity,  ^)od 


LMartin,  L.  J.:  thid.,  p.  &t- 


THE  PSYCHOLOGY  OF  BUHOR. 


439 


tan«ity,  individaal  variation,  genius  and  "mental  initiative" 
(introduced  by  Prof.  Royce),  and  by  more  remote  ternu  like 
open  mind,  simple  mind,  youthful  mind,  unprejudiced  mind. 
Second,  many  students  of  mind  express  themselves  to  the  same 
efiect.  President  G.  Stanley  Hall  states  tbatsurely  mind  is  as 
old  as  the  body  and  certainly  more  complex  :  any  lesser  coacep- 
tion  would  indeed  be  a  meau  one.  Prof.  Shaler '  expres.-«s 
this  view  so  clearly  that  1  quote  his  words:  "One  of  the  re- 
sults of  the  marvcUotisIy  swift,  absolutely  free  development  of 
man's  spirit  is  that  there  hast  as  yet  been  insufficient  time  for 
it  to  become  organized  as  arc  the  conditions  of  the  body,  work- 
ing in  tfae  instinctive  manner  in  which  the  lower  species  do 
tfadr  complicated  work  through  the  fore-determined  mental 
processes  wc  term  instincts.  There  are  always  gauges  and 
standard.<i  for  the  endeavors  in  the  mind  as  there  arc  in  (he 
bodily  frame.  With  us,  however. atlkindsof  thinking  arcstill 
a  hurly-burly,  a  coufusion.  to  which  lime  and  culture  may  po:t- 
sibly  1)nng  something  like  the  order  it  has  in  the  lower  life,  but 
which  probably  is  as  ever  to  remain  in  its  present  uucontiolled 
state."  Third,  biologist.s  are  generally  agreed  that  the  hand, 
the  vocal  organs  and  the  cerebral  cortex  have  undeveloped 
capacities  far  beyond  present  realization.  Their  possibilities 
are  as  yet  unknown,  and  with  the  cortex  its  capacity  appears 
to  be  infinite  with  only  a  small  portion  reduced  to  law  and  or- 
der. If  we  can  »o  con6dently  assert  unlimited*  capacity  of 
these  physical  stnictures,  then  any  lesser  conception  of  mind  is 
indeed  an  untenable  one.  It  does  not  yet  appear  what  we  .'«hall 
be.  but  there  is  general  agreement  that  the  immediate  path  of 
evolution  will  be  spiritual  rather  than  physical.  And  if  spiritual, 
it  must  l>e  confined  to  the  free  portion'of  mind,  to  those  parts 
not  yet  close  yoked  to  matter  and  frozen  into  habit.  Of 
course  there  is  universal  consent  that  the  mtnd  should  be  mech- 
anized to  the  extent  of  the  needs  of  common  life,  of  routiDC 
business,  of  the  alphabets  of  learning  and  of  the  elements  of 
culture,  but  anything  l>eyond  lhe.w  points  is  inimical  to  both 
individual  development  and  to  racial  evolution.  Influences 
that  tend  to  check  mechanization  and  to  incline  Ihe  mind  to 
grapple  with  the  new  and  with  the  ideal  prolong  the  possibili- 
ties of  spiritoal  development.  Humor  and  play  are  two  such 
processes,  with  the  honors  In  favor  of  humor.  It  stands  guard 
at  the  dividing  line  between  free  and  mechanised  mind,  to 
check  mechanization  and  to  preserve  and  fau  the  sparks  of 
genius.  Atid,  like  play,  it  keep»  the  individual  young,  projects 
the  best  io  youth  iato  kduU  life,  sets  metes  and  bounds  to  "do- 
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ctlity"  and  prevents  the  mentBl  tifeoflbe   race   from  bank 
log  into  instinctive  and  hereditary  forces. 

Humor  '\s  fmr  exullenrt  a  sodal  mental  process,  a  distinct 
featnre  of  tlie  social  consciousness.  It  is,  therefore,  not  co 
pletcly  described  antil  that  aspect  is  taken  into  account.  Tin 
too,  its  bearing  on  creative  art  and  the  uses  made  of  it  in 
•odaJ,  polKlcal.  commerctal  and  industrial  life  call  for 
detailed  atteotioD  tbao  this  paper  can  undertake. 
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ANALOGY  IN  THE  LANGUAGES  OF  PRIMITIVB 

PEOPLES. 


Br  Alkxastdkr  p.  duvrntftUkJir. 


One  of  the  ways  in  which  names  are  given  to  new  and  im- 
familiar  objects  and  things  is  from  aualoKy  with  the  old  aod 
familiar.  An  iii8{>ectkio  of  the  vocabulary  uf  oar  own  English 
languaiie  shows  bow  many  timcii  this  has  happened  with  us, — 
In  various  Aryan  tongnes  "cat,"  "tiger."  "lion."  "cow," 
"dog,"  etc.,  have  often  given  rise,  throogh  analogy,  to  other 
appellations  of  animals.  And  with  primiti\'e  peoples  this  pn>- 
cess  is  naturally  more  in  evidence.  This  procedure  is  iutenst- 
iug  psychologically  both  in  relation  to  the  laws  of  association 
and  by  leitson  of  the  fact  that  it  occurs  also  so  frequently  in  tbe 
language  of  children,  to  whom  the  naming  of  the  unknown  by 
analogy  with  the  known  seems  to  heaa  natural  as  it  is  to  tbe 
savage  and  the  barbarian.  The  examples  here  given  ere  drawn 
from  the  language  of  the  American  Indians,  whose  volne  for 
the  psychologist  is  just  beginning  to  be  appreciated. 

Apple.  This  fruit  seems  to  have  taken  the  fancy  of  the 
Indians,  and  there  are  consequently  many  very  JDtcrestiog 
names  for  it.  «.  g.: 

t.  Rose-hip.  The  Rootenay  name  for  apple  \a  goUwa, 
which  properly  designates  the  "hip"  of  the  wild  prairie  rose 
{Roia  pisocarpa) ;  the  same  word  is  now  used  also  to  designate 
apricot,  peach,  pear,  tomato,  etc.  The  English  term  "rose- 
apple"  for  rose-hip  is  an  interesting  instance  of  like  analogy. 

2.  Cranberry.  The  Micmac  •.venjooiotm  signifies,  literally, 
"French  {wenjoo)  cranberry  (wow)."  The  analogy  between 
the  cranberry  and  the  apple  is  not  at  all  confined  to  the  Atneri- 
can  Indian.  While  on  Cape  Cod,  a  few  years  ago,  tbe  writer 
heard  a  lady,  who  bad  never  seen  cranberries  growing  before, 
exclaim,  "Do  you  know  what  these  cunning  little  apples  are?" 

Bttt.  In  several  Indian  languages,  the  beet,  with  which 
tbe  natives  became  acquainted  after  having  known  the  turnip, 
was  named  after  the  latter.  Thus  in  Ojibwa,  mUh>Uhis, 
'"beet,"  signifies,  literally,  "red  turnip." 

BoUU.  Tbe  word  for  bottle  in  the  language  of  the  Massa- 
chusetts (Natlck)  Indians,  quonoasq.  designates  prt^rly  a 
"gourd."  But  iu  translating  Matt.  9:17,  Eliot  osed,  for  "In 
new  botllea,"  wuskithquadt,  derived  from  the  ntdicol  zeisAq, 
"pot,  dish,  or  vessel." 
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Buekwhtat,  The  Uicmac  name  for  buckwheat,  t^fioman- 
ckeejut.  signifies,  literally,  "little  bcechoDts,"  from  tlie  reaem- 
blBuce  in  shape. 

Candy.  Iti  Micmac  candy  iit  called  upkoo,  which  properly 
signifies  "chewing  gum."  and,  before  that,  "pitch"  (ofa  coni- 
fer). Here  the  "chewing"  has  determined  the  name.  The 
Kootenay  Indians,  of  British  Cyhimbia,  from  another  point  of 
view,  call  candy /T"*'/''^  *'*<'*''^'.  "variegated  (striped)  sugar." 

Chocolate.  Thi.t  drjnlc.  itself  of  American  Indian  (ancient 
Mexican)  origin,  was,  however,  unknown  to  (he  northern 
tribes  until  introduced  by  the  whites.  Says  Bishop  Bompas 
(Dioc.  of  Mackenzie  River.  Lond..  1888.  p.  97);  "Chocolate 
is  a  favorite  beverage  with  the  sick,  where  it  can  be  obtained, 
and  it  U  looked  upon  as  a  medicine.  The  Indians  universally 
give  it  the  name  of  ox  Mood.  becnUM.-  it  was  mistaken  by  them 
for  the  blood  of  the  musk  ox.  when  they  first  saw  it  used  by 
the  whites."  T!i«  analogy  is,  perhaps.  l>etweeii  the  chocolate 
in  cakes,  or  bcloic  using,  and  the  coagulated  or  frozen  blood  of 
the  mu»ifox.  In  Ojlbwa  chocolate  is  called  tniskutabv,  "red 
liquid."  In  Nipissing.  Cuoq  (Lex.  Alg.,  Montreal.  1886.  p. 
331)  defines  mitkwaba  as  "mtJIange  dc  saug,  dc  graissc  ct  de 
farine," — from  thi.-*,  n»  in  Ojibwa,  the  name  passed  over  to 
chocolate.  In  these  Algonkian  tongues  there  is  a  folk-thought 
and  probably  also  an  etymological  idetility  between  misko  or 
miskwa.  "red."  »nA  mttim,  "blood." 

Cinnamon.  The  Ojibwa  name  for  cinnamon  is  mistwana- 
gak.  literally  "red-cedar  bark,"  the  analogy  being  determined 
by  the  crude  form  in  wbicb  this  spice  first  came  to  the  atten- 
tion of  these  Indians. 

Cock  of  gun.  The  Ojibwa  name  is  otrK&meni,  "Ultle  thigh," 
with  whkSi  corresponds  exactly  in  meaning  the  Mictnac  ^i«og- 
wdk&jrtch. 

Cork.  Id  Ojibwa  and  Nipissing  cork  is  called  wajasfikwdo, 
which  term  proi>erly  designates  "fnngusor  mushroom,  on  trees 
or  in  the  ground."  The  analogy  with  ftmgus  or  mushroom  is 
a  very  natural  one. 

Eiephanl.  The  clcphont,  as  a  captive  in  the  parks  and  "zoos" 
of  American  cities,  and  as  a  prominent  fignrc  in  circnscs,  be- 
came  known  tomembersof  many  American  Indian  tribes.  hIbo 
by  means  of  pictures  in  books,  etc.  The  names  conferred  upon 
thisanimal  indicate  the  diversity  of  the  analogies  suggested  to  the 
Indian  mind,  Mouney  (Myttis  of  the  Cherokee,  p.  265)  tella 
us  that  the  Cherokee  call  the  elephant  Mn4md  titdnd,  "great 
butterfly,"  by  reason  of  "the  supposed  resemblance  of  its  long 
trunk  and  flapping  cars  to  the  proboscis  and  wings  of  that  in- 
sect." One  of  the  Ojibwa  names  for  the  elephant  is  kfitiki 
kol-uih,  "great  pig."  The  Micmac  term  for  elqAut,  Msieg*' 
bitiit,  agnifiea  "a  sea  cow." 
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Fig.  TheOjibtra  name  (or  fi^  'Mgtlthi shdmin,  "Ug  rslnn" 
{shomin  ori^nslly  si^tScd  grape.  tb«n  raisin).  In  MtcmK 
(be  fig  is  (^led  inpatatu-eemunui.  litrrally  "potato  frail."  or 
"potato  bAlts."  from  the  sopposed  resemblance. 

Goal.  The  Micmac  word  for  goat.  vxnjooekuUboff,  siKni&es, 
Ul«rall]r,  "French  (t.  e.,  foreicii)  caribou." 

Haytoek.  The  Micmsc  word  for  haj-cock,  w^ei,  propcrlj' 
signifies  "muskrat  bouse."  from  the  analogy  of  the  shape. 

Hinge.  The  literal  meanlnK  of  the  Micmac  word  for  binge, 
mtmegeth,  is  "butterfly,"  from  the  resemblance  ta  shape  of  Uie 
OUtapread  hinjce  to  the  bnlterfly  with  wings  open. 

Horse.    The  horse  was  extinct  in  North  America  loog  befon 
thecoming  of  the  Europeans  of  tbc  Columbian  discovery,  by 
whom  it  was  reintroduced  into  this  continent,  and  from  whom, 
directly  or  indirtclly,  all  Indian  tribes  posaessing:   or  having 
possessed  it.  lia%'e  received  this  animal.     Many  aboriginal  p«}- 
pks,  who  did  not  adopt  a  foreign  name  for  the  strange  animal. 
or  create  a  new  name  by  observing  and  describiuK.  to    the 
appellation  given  it,  .tome  of  its  peculiarilieH  a&  they  perceived 
them,  named  it  from  analogy  with  other  creatures  of  their  en- 
vironment, which  they  thought  it  in  some  way  or  other  rescm- 
bled.     Often  the  horse  was  named  ^m  analogy  with  the  Aog. 
Thus  the  Dakota  svnka  tt^aJran  means  "mysterious  (sacred) 
dog;"  the  Blackfbot  ;>on<i>amtV(i  and  the  Kootenay  XiV//^<i//(i- 
halilsin  both  signify  "elk  dog ;"  the  Cree  mitlotim  means  "big  j 
dog."     Another  Indian  trilie,  the  Shawnee,  called  the  horse 
wtitAent.  'elk."     Tbc  use  of  the  dog  by  Indians  as  a  beas;  of 
transportation  probably  led  to  the  naming  of  the  horse  so  often 
after  it.     The  Dakota  name  indicates  that  the  horse  was  looked 
upon  sometimes  as  an  animal  of  mystery,  which  fact  also  may 
have  bad  to  do  with  hi.<«  having  l>een  named  also  after  the  elk, 
an  animal  that  had  several  mysterious  attributes  among  some 
Indian  tribes,  and  was  not  infrequently  a  "medicine"  animal, 
as  was  likewise  the  dog. 

Lion.  In  many  pans  of  North  America  the  large,  foreign 
Felid»  were  named  after  the  native  animals  they  were  thought 
to  resemble.  Thus  the  Ojibwa  word  for  lion  mishibishi,  signi- 
fies.  literally,  "large  wildcat  or  lynx"  {Lynx  canadensis):  and 
in  the  Nipissing  dialect  tnishif>ishi  is  applied  to  the  Hon,  tiger, 
panther,  leopard,  etc. 

Nutmeg.  The  Qjibwa  word  for  nutmeg,  ^t/jA(^f<aa«JKi*a«^, 
signifies  "big  pepper."  Possibly  both  ^apc  and  taste  have 
shared  in  this  designation. 

Orange.  This  exotic  fruit  was  often  named  by  the  Indiana 
from  analogy  with  already  existing  fruits.  The  Kootenay, 
living  beyond  the  Rocky  Mountains,  and  the  Micmacs,  dwell- 
ing on  tbc  shores  of  the  Atlantic,  speaking  absolutely  unrelated 
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lanKuciKes,  both  nained  it  after  the  hip  of  the  wild  rose. 
Koolcnay  gottnt/ia  gol/wa,  "orange,"  aad  ii\ctaac  eiiitAtmrtoe- 
guntih,  signify,  the  one.  "Isrge  rose-hip,"  the  other,  "rose- 
hip." 

Pfoaxk.  ThcOjibwa  word  for  peacock,  sasfga  misisse.  sig- 
nifies, literally,  "splendid  (ornsmetited)  turkey;"  and  another 
Ojtbwa  name  is  oskatva  mistsu.  "green  turlce)'." 

P/Mk.  One  Ojibwa  name  for  the  peach  ii;  misAifia/i'astH, 
"big  plum,"  in  analogy  with  the  pluiiLi,  cultivated  ana  wild. 
A  Koutenay  term  for  peach  is  a^iritimaJb,  which  pfopcrly  desig- 
nated the  fruit  of  the  wild  choke-cherry  {Prunut  demissa).  the 
stone  or  pit  of  the  fruit  giving  rise  to  the  name. 

Pear.  The  Micmac  word  for  pear,  majeokUHguHeheech, 
means  "little  arrowhead,"  the  name  being  given  from  the 
analogy  in  shape  between  the  fruit  and  the  blnnt-bcaded 
RI70W8  used  for  certain  purposes  by  these  Indians. 

l^g-  The  Narragsnsctt  Indians  called  the  European  hog 
sxkqHlckatm.  i.  e.,  "groundhog"  (Ardomys  ptPitax).  Con- 
cerning this  word  Koger  Willinin  savK,  "a  wild  beiLtc  nf  a  red- 
dish hair,  about  the  bigness  of  a  pig,  and  rooting  like  a  pig, 
from  whence  they  give  the  name  to  all  our  ^wiue."  Trumbull 
derives  the  name  (Natick  Diet.,  p.  loi)  from  &gu«hnn,  "he 
burrows,"  and  makes  the  word  cognate  with  m^crn  Algon* 
kian  terms  for  "pig."  Abnaki  agaskw,  \jea3i\ii gpsekgoseh,  Mic- 
mac kootkwes,  Ojibwa  iotHsA,  Cree  ii>tus.  etc.  It  has  IxMn 
said,  however,  that  the  Ivi-us  word.t  are  onomatopoeic  and  refer 
to  the  habit  of  feeding  of  this  animal. 

PuUy.  The  Ojibwa  word  for  putty,  wasuUhiganipieiw, 
signifies,  literally,  "window  pitch,"  while  the  Crec  uaba- 
tno'iai'isAo-passai.tpahigan  means  "window  glue." 

Turkey.  Although  the  wild  turkey  is  native  to  Central 
America  and  Mexico,  and  before  the  advent  of  the  Europeans 
was  common  from  Florida  to  the  Great  Lakes,  over  the  ea.stern 
half  of  the  country,  it,  like  the  tame  bird,  was  foreign  to  cer- 
tain tribes  of  the  Northwest,  etc,  Thus  the  Kootenay  name 
for  the  turkey  U  gowiilka  fankuis,  literally  "big  grouse."  the 
term  being  created  from  analogy  with  the  ruffed  grouse 
{fankuts).  In  like  manner,  the  Blackfoot  word  for  lurkey, 
omuxikelukki.  siKnifics,  literally,  "big  prairie  chicken." 

Turnip.  The  Micmac  word  for  tuiuip,  wfnjowsugebun,  sig- 
nifies, literally.  French  (foreign)  ground-nut."  The  "ground- 
nut {sugebun)"  wa.s  the  Apiot  lubtrosa.  etc. 

Vinegar.  The  Ojibwa  word  for  vinegar,  shiwaba.  signifies, 
literally,  "sour  liquid,"  which  is  also  the  meaning  of  Fcvera) 
other  Indian  names.  The  Kooteiiay  term  for  vinegar,  k«wh' 
tlakane,  means  "it  is  sour." 

Whiikty.    The  many  ways  in  which  intoxicating  liquors  of 
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EaropesQ  origin  were  thrust  apon  the  Indians  of  North  Amer- 
ica, and  the  amount  of  these  they  were  induced  to  consume, 
have  evidently  made  a  great  impreitsion  on  their  minds,  if  one 
may  judge  from  the  many  names  applied  to  it  by  them,  ranging 
from  "fire-water*"  to  "new  milk."  The  Kootenay  Indians, 
t.  g.,  have  these  names  for  whiskey:  Nifiiia  amo,  "spirit 
water;"  notluqane  amt>.  "the  water  of  the  stranger;"  tttyapi 
ajKo,  "white  man's  water ;"  wao.  "water"  (t.  e.,  "rf^water"). 
The  Ojibwa  ishkote  wabo.  "fire  liquor,"  and  its  relatives  in 
other  Algonkian  dialects,  indicate  the  source  of  the  colloquial 
"fire  water."  The  Micmac  booktawkh  is  derived  from  book/a, 
"fire." 

The  examples  cited  above  of  analogical  naming  will  serve 
to  indicate  the  wealth  of  psychological  material  in  the  6eld  of 
research.  There  are  abundant  data  for  an  extended  mono* 
graph  dealing  with  the  primitive  tongues  of  America  alone,  to 
«ay  nothing  of  tho^e  of  other  regions  of  the  globe.  It  is  curi* 
ous  to  find  an  elephant  and  a  hinge  both  termed  a  "  butterfly." 
And  "oxblood"  for  chocolate,  "potato  balls"  for  figs,  "arrow- 
head" for  pear,  etc.,  reveal  interesting  turns  of  the  aboriginal 
mind.  For  comparison  with  the  corresponding  phenomena  of 
the  language  of  children  a  dictionary  of  analogy-names  in  the 
speech  of  primitive  people  wonld  be  of  great  value.  On  this 
the  present  writer  has  made  a  beginning. 
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IV.    Rnulti  of  expeilnHoU, 

i.    Vatialtoo*  to  the  attack  00  h>cka, 

^M 

il.     TimcB  re<iujrcd  foi  woikin);  ilerioeai 

H 

111.    The  learoiDg  curve*. 

473                     ^H 

V.    Bxperinents  npoo  Aasociadon  and  Memory, 
VI.    Color  p«rc«pdoa. 

^1 

47S          ^M 

1.     ApvaratM, 

4T9                ^H 

ii.    Reanltiof experimeiit*oae^OTp«rc«pUon.  iHo                ^^B 

VII.    Itniuiloti, 

481                ^H 

$•    SttiBtDury, 
6.    BlhUogTspbx, 

486          ^M 

■ 

Introductioji. 

■ 

The  aim  of  comp&nttive  psychology'  is,  in  the  eD<l ,  »  durifi-              ^H 

cntion  of  minds  according  to  the  kind  and  complexity  of  tbeir               ^^| 

tbinking.     As  tltc  criterion  for  tbis  thinking  we  are  of 

saarat             ^H 

coufined,  in  the  caM  of  animals,  to  what  they  do.     We  study               ^H 

animal  behavior.     Wc  can  observe  what  the  animal  docs 

spon-              ^H 

taneously  in  the  wild  (or  in  captivity)  asd  how  he  reacts  in               ^^M 

ex  i>eTi  mental  conditions.  And  nowhere  is  it  more  essential  that               ^H 
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th<rsie  two  sorts  of  observation  ttbonld  go  hand  in  fasod.  No 
experimenter  can  fee!  perfectly  snrc  that  his  conditions  of  ex- 
perimeniation  are  &uch  as  to  show  the  animal  at  his  best  with- 
out a  most  careful  ^indy  of  what  the  animal  does  or  does  not 
do  to  freedom  and  of  its  own  accord;  and  no  student  of  animals 
in  the  wild  can  be  sure  tliat  bia  interpretation  of  what  he  sees 
is  the  true  one  unless  the  animal  can  be  led  to  do  the  same  son 
of  thing  under  fully  known  and  controlled  conditions.  As 
Pnjf.  JajUrow  (17)  remarks,  "we  can  judge  what  animals  think 
only  by  what  they  do.  yet  what  they  really  do  may  be  wholly 
different  from  what  they  apparently  do." 

Trustworthy  observations  of  the  life  of  raccoons  in  the  wild 
are  not  easy  to  obtain,  because,  perhaps,  of  their  nocturnal 
habits;  and  little  that  jxdefiniie  and  of  psychological  interest  is 
to  be  found  in  literature.  Such  personal  observations  as  the 
writer  has  been  able  to  make  upon  a  dozen  or  more  of  these 
animals  in  captivity  will  presently  be  described.  The  experi- 
mental studies  which  follow  have  been  for  the  most  part  of  the 
general  type  of  those  made  by  Tborodike.  Kinnamnn.  and 
ottiers.  and  furnish,  it  is  believed,  a  tolerable  basis  for  the  rela- 
tive ranking  of  the  rncconn  with  reference  to  the  animals 
studied  by  these  experimenters. 

It  is  perhaps  fair  to  State,  also,  that  the  present  study  was 
begun  in  the  early  part  of  the  year  1905,  and  was  complete  in 
its  experimental  part  before  the  appearance  of  Prof.  Colc'a 
study  of  the  same  animal  in  the  May  number  of  the/vuma/  of 
Comparalivi:  Neurology  and  Psychology  for  the  carrent  year. 
The  two  papers  arc  nevertheless  to  a  considerable  extent  sup- 
plemcntJiry  of  each  other,  and  an  effort  has  therefore  been 
made  to  correlate  the  resnlls  and  to  point  out  difierences. 

ZoOlogy, 

Gu>graphUal  range  4knd  taxonomic  relation%.  The  raccoon 
inhabits  the  sonthcm  parts  of  the  fur-bearing  regions.  Lewis 
and  Clarke  found  the  animal  at  the  mouth  of  the  Columbia 
River.  The  Hudson  Day  Company  purchased  skins  as  far 
north  as  the  Red  River,  latitude  50°.  Dixon  and  Partlock  ob- 
tained skins  from  the  natives  of  Cook's  River,  latitude  60'. 
On  the  Atlantic  coast,  Newfoundland  is  the  northern  limit. 
The  animal  ranges  southward  over  nearly  all  of  North  America 
and  South  America  as  far  as  Paraguay. 

Matthew  and  Wortnian  from  the  latest  study  of  tertiary  re- 
mains place  the  immc<liate  ancestor  of  the  raccoon  in  the 
Ollgocene  period,  and  contrary  to  couitnon  opinion,  make  its 
afBnity  closer  for  the  Canida  than  the  Uriidft. 

Something  of  its  general  eoological  kinship  is  shown  by  the 
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following  summaiy  of  M.  Watson's  (57)  study  of  the  placeota- 
tion  of  the  raccoon  : 

I.  Ptwyon  agrees  with  all  the  other  Camivora  in  which  the 
organ  has  hitherto  heen  examined  in  the  poftsessiou  of  a  zonary 
or  annalar  placenta,  and  also  in  the  mode  of  interlocking  of 
the  fcetal  and  maternal  portions  of  the  placenta,  and  in  the 
consequent  dcciduatc  character  of  that  organ. 

a.  Procyon  agrees  with  all  the  members  of  the  plantigrade 
section,  at  the  Mmc  time  that  it  difiers  from  tbow  compo«:ug 
both  the  digitigradc  and  pinniped  sections  of  the  Camivora,  lo- 
■Mniicti  as  at  one  spni  the  placenta  presents  a  gap  or  deficiency, 
at  which  spot  the  placental  slnictiirc  i*  imperfect. 

3.  Proeyon  agrees  with  Cants  at  the  same  rime  (hat  it  differs 
from  Felii  in  the  absence  of  a  continuous  layer  of  dectdua  serf 
Una  from  the  uterine  surface  of  the  detached  placenta. 

4.  Pneyon  differs  from  every  other  carnivore,  in  the  pos- 
session of  placental  vesocls  possessed  of  a  structure  hitherto 
onlv  met  with  in  the  placenta  of  Cholirput  Hoffmanni  among 
the  Hdentates. 

5.  pTMyon  differs  from  every  other  cami%'ore.  in  the  non* 
possession  of  an  umbilical  vesicle. 

6.  AwyffK  differs  from  all  camlvores  of  which  the  young 
have  been  hitherto  examined,  inasmuch  as  the  fcetas  is  pro- 
vided with  a  supcmnmcrary  cuticle  or  epitrlchium,  a  atructure 
which  has  only  been  met  with  in  the  young  of  certain  mcm> 
bera  of  other  mammalian  groups. 

The  length  of  the  period  of  gestation  ia  not  accurately 
known.  lis  culmination  varies  through  April  and  May.  The 
mother  glvea  birth  to  4-6,  usually  in  a  hollow  tree.  In  the 
Berlin  Thiergarten  in  the  spring  of  1871,  a  molber  biooght 
forth  five  young.  The  young  have  been  r««red  in  captivity  in 
America  in  several  instances.  At  birth  the  young  arc  small, 
about  the  size  of  a  half  grown  rat  It  is  as.«erted  that  they  are 
l>oni  blind  like  some  other  Cnmivora.  ■ 

Gbnerai.  Obsbrvatious. 

In  popular  opinion,  both  among  the  Indiana  and  whites,  the 
raccoon  has  a  high  reputation  lor  cunning  and  adroitness. 
Reports  of  the  Bnreau  of  American  Kthnology  (6.  7)  have  pre- 
served for  us  many  of  the  Indian  folk -stories,  in  which  the  rac- 
coon figures  either  a»  the  chiel  actor  of  the  story  or  else  the  sub- 
ject of  a  parallel  story  in  which  the  doings  of  some  other  animal 
of  like  cunning  have  been  transferred  to  it.  All  these  stoiiea 
from  whatever  source  have  but  one  theme,  namely,  the  Jiubtil- 
ity  and  cunning  of  the  animal,  which  a  short  acquaintaiKe 
will  rei>der  as  clearly  apparent  as  it  ever  could  have  been  to 
the  Aborigines. 
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Faerd,  Omniveroasness  has  apparently  had  mnch  to  Ao  with 
the  development  of  the  raccoon's  hunliug  habits.  He  plunders 
the  farmer's  cornfield,  he  Uftfl  the  eggs  from  the  woodpecker's 
nest,  he  gathers  many  ktnd^  of  nuts,  grubs  for  roots,  digs  oat 
turtles  and  frogs,  goes  berT>'ing  in  the  proper  season,  robes  the 
chicken  roosts,  is  a  good  fisherman  and  clam  digger.  All 
these  and  a  hundred  other  activities  combine  to  show  the  ani- 
mal's great  adaptability  in  the  securing  of  a  varied  dietary. 
Confinement  confinns  the  characi eristics  manifested  in  the 
wild.  The  raccoon  seldom  sulks  when  the  table  is  spread.  He 
never  questions  the  cooking.  He  eats  a  good  meal,  and,  given 
thirty  minutes  for  refreshment  in  sleep,  is  ready  for  another  as 
hountiful  as  the  first.  Fruit,  bread,  Jellies,  honey,  sweetmeats, 
fish ,  molluscs,  small  crustaceans,  rodents,  and  some  green  vege- 
tables give  sufficient  variety  for  the  selection  of  proper  foods 
for  feeding  iu  captivity.  Raccoons,  however,  adapt  themselves 
to  some  one  article  of  food,  and  as  soon  change  to  any  other 
which  may  be  forthcoming.  I  Iiave  fed  them  entirely  on  dog 
bi^Kuit,  then  pnt  Ihem  on  a  meat  diet,  changed  to  a  ^'aricd 
diet,  and  then  returned  to  the  dog  biscuit  without  much  ap- 
parent los.<)  of  appetite,  but  the  animal  thrives  l>est  on  a  mixed 
diet.  The  particular  conditions  of  feeding  during  experimenta- 
tion will  be  spoken  of  later.  (p.46j. ) 

Physical  Charatten.  The  mobility  of  the  fingers,  with  the 
sharp  and  partly  retractile  claws,  which  fit  the  hand  for  climb- 
ing as  well  as  fur  other  purjioses;  the  bushy  tail  present  as  a 
balancing  organ,  and  often  slightly  prehensile:  the  broad 
tnberculate  molars,  not  thin  and  with  cutting  edges  as  in  the 
purely  cat  tribe;  the  pointed  and  double  edged  canines;  are  all 
indicative  of  the  physical  resourcefulness  of  this  animal,  as  well 
as  its  ability  to  hold  its  own  against  all  comers  of  equal  size. 
The  raccoon  climbs  the  bare  steam  pipes  in  the  laboratory  with 
as  mnch  ease  as  though  they  were  the  trees  of  the  forest.  He 
travels  along  the  electric  wire  at  the  ceiling  as  if  it  were  the 
branch  of  a  tree  and  he  on  the  under  side  of  it.  The  prehensile 
and  balancing  characters  of  the  tail  appear  whenever  the  animal 
attempts  to  climb,  or  stand  on  the  hind  feet  in  a  place  where 
the  looting  is  uncertain,  or  when  it  is  climbing  a  vertical  sur- 
face, in  which  case  the  tail  is  used  to  steady  the  body  in  much 
the  .same  manner  that  a  woodpecker  uses  his  while  chippinjc 
the  bark  of  the  tree. 

Sigvificanft  of  the  Name  Lotor  iThe  Washer).  The  nick- 
names which  the  raccoon  has  received  are  closely  associated 
with  his  observed  habits  in  the  wild.  The  Indian  called  him 
"the  scratcher,"  "the  oyster-ealer."  In  Venezuela  the  Span- 
ish local  name  is  "Pox,  wash  thy  hand."  The  name  "washer" 
comes  from  the  animal's  habit  of  washing  its  food.     Hermann 


rSn'  RACCOON. 


431 


KivcH  an  account  of  one  which  used  to  amuse  himself  liy  wash- 
ing various  oAda  nnd  «nds  in  «  bucket  of  water.  "An  old  pot 
handle,  a  snail  shell,  or  anything  of  the  sort  wonld  do,  but  the 
(htntt  he  lov«d  the  best  was  an  empty  bottle.  ClaspinK  it  in  his 
forepnws  he  would  waddle  alowly  to  the  bucket  with  the  bottle 
clasped  close  to  his  breast  and  thco  roll  it  and  rinse  it  in  the  water. 
If  any  one  ventured  to  disturb  him,  he  vfus  furious  and  threw 
himself  upon  his  back,  clinging  so  tightly  to  his  beloved  bottle 
that  he  could  be  lifted  by  it."  The  JmirjuU  0/  Comparative 
Nmrotogy.  Dec.,  iSo?.  p.  157,  cites  the  cast  of  n  lam«  raccoon 
which  was  accustomed  to  carry  his  food  across  his  cage  to  wash 
it,  and  if  the  particles  were  loo  small,  so  that  he  ate  them  up 
on  the  way  to  the  water  pan,  he  nevertheless  continued  to  wash 
with  nothing  iu  his  paws.  Later,  however,  he  failed  to  cany 
the  smaller  particles,' 

The  reason  for  the  washing  of  the  food  has  been  variously 
assigned.  By  some  it  is  attributed  to  a  lack  of  saliva.  Others 
say  that  since  the  raccoon  obtains  his  food  largely  from  the 
water,  the  washing  must  mean  that  the  animal  convinces  itself 
by  the  washing  that  it  has  made  a  fresh  catch.  Still  otbera 
think  that  the  auiuial  washes  its  food  merely  lo  clean  or  soften 
it,  though  the  process  tunis  out  to  be  aoychiug  but  a  cleanly 
one  with  coons  in  captivity.  Each  of  these  explanations  may 
and  probably  doett  have  an  inkling  of  the  truth,  but  neither 
singly  nor  together,  do  they  make  clear  the  origin  or  the  pur- 
pose of  this  interesting  and  puzzling,  though  long  observed, 
habit.  If  water  is  not  provided,  the  raccoon  taket  the  food  to 
the  dry  basin  and  there  repeats  his  ancestral  washing.  A 
basiu  and  water  lacking,  he  stts  on  his  haunches  and  rubs  the 
foo<!  Iwtwcen  his  dry  paws.  If  the  key  to  the  problem  lies 
somewhere  back  in  the  long  list  of  ancestral  traits  we  may  hope 
that  some  aaimal  under  observation  will  yet  offer  as  the  proper 
solution. 

Dexterity  in  the  use  of  paws.  The  cleverness  with  which  the 
raccoon  uses  his  paws  is  seen  in  the  facility  with  which  it  will 
catch  insects  In  their  flight,  an  amusement  which  appeals  to 
the  young  ones,  and  also  in  the  marked  ability  to  (Mck  up  minute 
morsels  of  food  and  carry  them  to  its  month.  Amswnrlh 
Davis  (tt)  remarks  that,  "these  peculiar  powers  of  manipulation 
M  regards  the  organsof  prehension,  by  which  the  food  is  seize<l 
and  carried  to  the  mouth,  are  indicative  of  intelligence  above 
the  average  in  the  animals  in  which  they  manifest  themselves.'' 

'Andnbon  Tcmarka  that  be  never  law  bU  tame  coon  wush  its  food. 
Id  vitrw  of  thU  tno»t  charactertatk  Unbit  cscapiuft  the  nolicc  Df  the 
Kteat  naturslUt,  wc  can  but  reiuBik,  In  ))a-*siiif;.ou  tbc  iDCOii]pI«lcueM 
of  data  vhicb  on)'  ■iDglc  •tudeut  may  bop«  to  Mcure  from  hU  otm 
otMcrratloni  •Iod«. 
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This  dexterity  is,  however,  io  large  degree  a  matter  of  prac- 
tice. When  raccoons  first  come  ia  from  the  wild,  and  have 
gotten  ucxu^[UIn(.'<l  to  take  food  from  the  keeper's  hand,  the 
paws  arc  moved  simultaneously  to  secure  the  morsel.  Perfect 
co-ordiuatiou  a.s  to  direction,  tu  the  mo\'emetiis  either  of  both 
paws,  or  a  single  paw,  is  lacking.  Through  practice,  however, 
the  animals  soon  acquire  the  ability  to  use  each  fore  paw  inde- 
pendently, and  are  finally  able  to  use  one  paw  with  greater 
quiclcness  and  accuracy  than  they  formerly  used  the  two. 
Burlc's  (8)  expoftiiionoftbedevelopmentof  handmovemeuisin 
the  child  would  seem  to  throw  light  on  this  observation,  for,  as 
he  remarks,  "the  progress  in  evolution  of  hand  movements  in 
the  biologic  scale  has  been  from  extreme  fewness  in  numljcr  to 
infinite  variety,  from  simplicity  to  complexity,  from  clumsy  in- 
accuracy to  precision,  from  simultaneous  a.H.sociations  to  thase 
which  constitute  long  scries  in  sequence,  from  the  general  to 
the  specialized.  Fer^  shows  in  one  of  bis  works  that  the  abil- 
ity to  move  one  hand  without  the  other  \»  small  among  the 
imbecile  class.  This  tendency  of  the  imbecile  class  to  simulta- 
neous movements  suggests  atavism  since  simultnntety  in  the 
dominating  law  of  the  fundamental  movements  and  succession 
Lt  the  human  characteristic  of  accessory  movemeuls.  Simulta- 
neous movements  of  the  hand  5ltgg«ts  re\'ersion  to  the  condi- 
tiiimtwheu  the  hand  was  a  fore  limb."  If.  then,  these  conclusioos 
are  true  we  may  here  also  find  some  justification  for  placing 
the  raccoon  above  the  average  in  the  scale  of  intelligence. 

Citriffsify.  While  a  perfected  hand  is  without  doubt  a  true 
index  of  intelligence,  it  is  at  best  a  physical  and  indirect 
oat.  A  much  more  immediate  and  essential  symptom  is  the 
exhibition  of  lively  curiosity — in  psychological  terms,  .^pon- 
tineous  attention  and  the  instinct  to  investigate.  Without  it 
active  intelligence  is  out  of  the  question.  The  racox>n  is  an 
animal  which  displays  this  quality  in  a  high  degree.  Its  curi- 
osity contributes  to  the  development  of  its  intelligence  while 
at  the  same  time  it  often  becomes  a  source  of  serious  lesson 
teaching.  The  animal  would  scarcely  fall  into  the  lure  of  the 
baited  trap  nnless  led  on  by  its  curiosity  when  once  the  scent 
of  possible  food  has  aroused  it.  The  trapper  takes  advantage 
of  this  when  he  wraps  a  piece  of  tin  foil  around  the  trencher  of 
the  trap,  which  is  then  placed  two  or  three  inches  under  water, 
where  it  ripples  a  httle,  covering  all  but  the  foil  with  leaves  or 
grass.     The  glittering  foil  prompts  the  coon  to  investigate. 

Sometimes  the  raccoon  manifests  a  knavery  which  leads  to  a 
ju5i  punishment.  Groos  ( i6)  quotes  from  Beckmann  the  follow- 
ing account  of  a  tame  raccoon  which  was  especially  uitnched  to  a 
bad)[er  in  the  same  enclosure.  'On  hot  days  the  badger  was 
accustomed  to  take  his  nap  in  the  open  air  under  the  shade  of 
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an  aider.  Then  tlie  inL<tcbievoiifi  coon  found  his  op;>OTltinity, 
but  as  he  feared  the  badgcT's  bite  he  carefully  kept  his  dis- 
tance, satisfying  himself  with  touching;  bis  victim  softly  in  the 
rear  at  intervals.  This  was  enough  to  keep  the  sleepy  fellow 
awake  and  reduce  him  lo  despair.  In  vain  be  snapped  at  his 
tormentor;  the  wary  coon  trotted  to  the  edge  of  the  enclosure, 
and  scarcely  had  the  badger  composed  himself  before  he  was  at 
his  old  tricks.  One  day  he  nas  too  severe  with  Ibe  badger, 
which  went  off  growling  and  rolled  into  bis  hole.  After  awhile 
he  put  his  head  out  on  account  of  the  heat  and  went  to  sleep 
thus  intrenched.  The  coon  saw  that  be  could  not  expect 
much  attention  from  his  friend  under  these  circumstiinces.  and 
was  about  to  set  off  for  home  when  the  badger  suddculy  awoke 
and  stretched  his  narrow  red  mouth  wide  open.  This  so  sur- 
prised our  hero  that  he  turned  back  to  examine  the  rows  of 
white  teeth  from  every  point  of  view.  The  badger  continued 
immovable  in  the  same  position,  and  this  excited  the  coon's 
curiosity  to  th(>  highest  pitch.  At  last  be  ventured  to  reach 
out  Bud  tap  the  badger's  nose  with  bis  paw.  In  vain,  there 
was  no  change.  This  behavior  of  his  comrade  was  inexplica- 
ble, his  impatience  increased  every  moment,  he  must  solve  the 
riddle  at  any  cost.  He  wandered  .ilxtut  for  awhile,  ap[iinrenlly 
undecided  how  best  to  purt^uc  the  investigation,  but  reaching 
a  dcci.«on  al  la.st  he  thrtist  his  pointed  snout  tn  the  badger's 
open  jaws.  The  rest  is  not  difficult  to  imagine.  The  jaws 
closed,  and  the  raccoon  caught  in  the  trap,  squirmed  and 
floundered  like  n  captive  rat.  After  a  mighty  scuffling  and 
tugging  he  at  length  succeeded  in  tearing  bis  bleeding  snout, 
from  the  cruel  teeth  of  the  badger  and  fled  precipitately.  The 
lesson  lasted  a  long  time,  and  after  it  whenever  he  went  near 
the  badger's  kennel  he  iovoluntarily  put  bis  paw  over  bis 
nose."  The  above  minutely  detailed  de:tcnption  shows  bnw 
dominant  the  element  of  cnrinsily  is,  and  in  addition  there 
appears  a  tenacity  of  memory  plus  something  alinast  reflective, 
tf'hich  found  its  expression  in  a  quite  fully  developed  new 
method  of  defense,  namely,  that  of  placing  the  paw  above  the 
snout  when  near  the  enemy.  Raccoons,  when  not  too  wild, 
push  Ibelr  paws  into  all  (he  pockets  of  the  keeper  which  are 
accessible,  and  lift  all  movable  paru  of  their  cage  and  try  to 
find  out  what  is  in  or  under  thetn.  Nothing  escapes  their 
noticeln  the  long  run.  They  therefore  lend  themselves  readily 
to  training  or  experimentation.  Details  illuslralive  of  tbis 
lut  win  follow  In  a  later  section. 

l^ocaiuatwMi.  An  interpretation  oi  the  vocalizations  of  the 
raccoon  is  possible  only  in  terms  of  accompanying  circumstance. 
The  cry  of  the  young  for  the  mother  is  often  so  nearly  like 
that  of  the  human  inlant  that  unless  one  were  accustomed  to 
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hear  it,  it  would  easily  be  so  mistakeii.  A  low  gTDtrl.  like 
that  of  the  bear  in  quality,  warns  off  the  jntmder.  Thaii 
also  given  when  tn  po»se!»ion  of  food  aad  kariog  its  kai. 
When  the  coon  spnngs  forward  to  bite  there  is  the  accotcpaB)'- 
in);  snail  resembliuK  in  pitch  and  quality  that  of  other  oen- 
hers  of  the  6og  and  tiear  family.  A  common  call  in  tbe  miodl 
is  in  character  a  purr,  which  approaches  very  aearly  in  qttalilj 
and  carrying:  powers  lo  the  tremulous  note  of  tbe  tree  frog,  l! 
lacks  a  little  of  the  shrillness  of  thi:  frog  note,  and  rt»n  in 
pitch  when  uttered  by  the  young  instead  of  the  adult.  Wha 
the  mother  is  nursing  her  young,  she  gives  forth  a  note  wbidi 
is  almost  a  perfect  imitation  of  the  sound  of  a  bumming- bird'i 
wings  as  it  pauses  before  the  flower.  The  two  sounds  sre  aa 
nearly  alike  in  character,  that  I  was  myself  deceived  maoj 
times  before  I  was  able  to  locate  it  in  the  cage  rather  than  in  tbe 
vines  which  grew  In  the  rear.  The  mother's  warning  note  ia 
danger  is  almost  inaudible.  If  one  attempts  to  i;ound  the  letlti 
m  short  and  explosively  with  closed  lips,  at  the  .•utme  tlsw 
allowing  the  air  to  t>c  driven  in  short  blaslE  through  tbe  no^ 
trils,  a  very  lair  reproduction  of  the  soand  results.  Although 
the  note  is  very  low,  I  have  ue^er  seen  a  young  one  foil  to 
recognize  it  even  iu  the  midst  of  the  fiercest  tus&le  of  its  ptay. 
A  note  quite  frequently  heard  in  captivity  either  while  at  play 
or.  indeed  when  angered,  can  be  very  nearly  reproduced  by 
placing  the  1i]ui  in  the  position  for  whistling,  and  uttering  the 
ffc  of  boot  followed  by  / — oo/.  This  vocalization  must  al» 
be  given  explosively.  This  and  the  note  above  require  some 
practice  lo  itniiaie  perfectly.  That  the  vocaliiuitions  of  tbe 
mother  possess  great  significance,  allhough  di0ering  hut  slightly 
in  quality,  is  shown  hy  the  ejcpeilence  with  No.  3  when  .ib'e 
was  captured  with  her  young.  The  mother  was  taken  from  the 
tree  first  and  placed  in  a  large  box.  When  No.  5  was  captured 
and  pushed  into  the  box  with  his  mother  be  made  a  vicious 
attack  upon  her,  but  sbc  simply  gave  out  a  low  purriog  note 
and  the  young  fellow  immediately  snuggled  up  to  his  mother 
and  became  quiet. 

Frar.  When  the  raccoon  is  afraid,  it  trembles,  cronches  into 
some  corner,  backs  off,  and  frequently  tnrns  and  ruus.  Some- 
times tbe  animal  stands  perfectly  still  with  the  head  lowered 
and  back  hunched,  looking  at  and  following  every  muvemeDt 
in  the  direction  of  the  cause  of  fright.  The  former  attitude  ts 
shown  in  the  animal  at  the  left  in  Pis.  7,  Plate  II.  the  latter 
position  Is  shown  in  Fig.  4  of  the  same  plate.  O^en  a  low 
vocalizatiou  or  a  diminutive  grunt  accompanies  every  move- 
ment. Sometimes  a  coon  just  in  from  the  wild  will  try  to  cover 
its  head  and  thns,  ostrich  like,  render  itself  free  from  all  danger. 
Fright  is  usually  accompanied  by  a  relaxation  of  the  anal  aod 
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orinaiy  muscles,  resulting  in  defecation  aod  discharge  of 
urine. 

Grtfd.  That  the  raccoon  is  greedy  goes  without  sayiug. 
All  animal  whose  bare  existence  usually  depends  on  getting  all 
that  can  be  secured  is  so  instinctively,  A  raccoon  will  gather 
in  one  place  all  the  food  he  can  secure  and  sitting  down  upon 
It  endeavor  to  kecpati  others  sway  until  the  food  is  completely 
devoured.  The  method  of  dislodgtnent  is  to  back  in,  push  the 
woiild-l>e  glutton  from  his  spoil,  and  then  reaefaiog  under  the 
body  pull  the  food  to  the  new  possessor.  Sometimes  there  is 
a  direct  attack  and  scuffle.  Pood  is  not  the  only  botte  of  con- 
tention. One  animal  will  try  to  keep  the  others  from  the  water 
basiD.  This  activity,  however,  may  change  to  a  species  of 
play.  If  the  food  is  being  given  to  the  whole  {lack  in  small 
pieces,  some  will  take  their  portion  and  stuff  it  in  their  mouths 
and  return  again  and  again  until  the  mouth  is  filled  to  its 
utmost  capacity.  Often  they  will  even  throw  away  for  the 
time  being  what  is  given  them  in  order  to  be  in  the  scuffle  for 
tbe  last  rations.  These  activities  arc  simply  indications  of  the 
adaptation  to  wild  conditions  where  periods  of  want  follow 
bard  upon  those  of  satiety. 

IHay.  The  plays  of  the  raccoon  might  be  classified  as:  i. 
Simple  activity;  a.  Feeding  and  fighting  plays. 

Plays  of  simple  activity  are  those  in  which  the  animal  plu}rs 
for  the  most  part  hy  itself,  as  when  it  takes  a  small  stick 
or  wisp  of  straw,  and  rubbing  it  in  the  direction  of  its  longer 
axis  between  the  fore  paws,  raises  its  paws  above  its  head 
during  the  rubbing  until  finally  i.t  falls  or  rolls  over  back- 
wards. Catching  a  dangling  rope  with  the  teeth,  or  seizing  a 
flying  trapeze  with  all  four  paws  and  swinging  on  it,  or  going 
througli  gymnastics  on  a  horizontal  bar,  alMi  belong  in  this 
cla.^.  One  of  the  raccotins.  after  jumping  from  the  roof  of  the 
inner  cage  to  a  flying  trapeze,  swung  for  a  few  minutes  and 
then  fell  some  three  or  fonr  feet  to  (he  floor  of  the  cage,  land- 
ing on  her  back.  As  if  angered  by  the  fall  and  giving  tbe 
trapeze  the  credit  for  the  mishap,  she  climbed  to  the  top  of  the 
inner  cage  again  and  attempted  to  wrench  and  gnaw  it  from  its 
fastenings.  Here  would  seem  to  be  the  beginning  of  an  asso- 
ciation of  immediate  cause  and  eflect.  One  of  the  young 
coons  used  to  sit  at  night  in  front  of  the  swing  door  to  one  of 
the  sleeping  boxes  and  raise  it  up  and  let  it  ^11  for  half  an 
hour  at  a  time.  I  was  never  able  to  discover  any  particular 
reason  for  this  activity,  though  there  may  be  an  element  of 
pleasure  in  the  rhythmic  sound  produced.  A  horse  will  some- 
times move  a  carriage  against  its  cramped  wheel  In  such  a  way 
as  to  produce  a  rhythmic  sound  apparently  for  that  purpose. 
Sometimes  a  coon  wilt  sit  on  Its  haunches  and  beat  a  tattoo 
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with  its  fore  paws  on  the  floor  in  front,  with  no  other  apparent 
puipose  than  its  own  amusement.  Tip])inK  over  the  water 
basin  as  soon  as  it  was  filled  was  indulged  in  by  both  old  and 
yoUDf;  uutil  I  was  compelled  to  put  the  water  in  an  eartbeu  jar 
too  large  and  heavy  to  be  tipped  over.  Catching  flies  from  the 
walls  of  the  sleeping  boxes  is  a  favorite  amusement  on  sultry 
summer  afternoons.  Twice  I  noticed  young  ones  iu  the  act  of 
sucking  their  paws  after  the  manner  of  bears. 

Among  the  plays  which  seem  to  be  related  to  feeding  and 
fighting,  we  find  the  raccuon  dipping  its  paws  into  the  water 
basin  and  then  thrusting  them  while  still  wet  into  the  face  of 
a  pursuer;  also  rubbing  the  dry  and  empty  paws  in  the  same 
fashion  as  when  washing  food  in  water,  this  is  often  resorted  to 
as  a  form  of  amusement  during  the  time  between  feeding 
periods.  Sometimes  one  animal  will  lake  a  piece  of  food  and 
try  to  conceal  it  or  run  away  with  it,  while  others  follow  and 
tr>'  to  secure  it.  This  kind  of  play  takes  place  when  there  is 
plenty  of  food  and  all  have  satisfied  their  appetite  for  the  time 
being,  ^uce  the  food  itself  will  often  be  left  for  some  minutes 
before  being  eaten. 

The  fighting  plays  appear  also  in  the  tussle  of  the  young  with 
each  other,  old  ones  among  themselves,  or  the  mother  with  her 
young.  If  two  animals  begin  a  tussle,  they  usually  stand  off 
facing  each  other  with  head  down,  back  humped,  aud  paws  ex- 
tended in  front.  There  are  two  or  three  preliminary  advances 
aud  retreats  and  then  comes  the  set-to,  when,  very  much  as  in 
the  "catch -as-catch-can"  wrestling,  they  seize  encb  other  with 
the  fore  paws  and  twist  and  turn  in  the  attempt  to  throw  each 
other  over  backwards  aud  thus  expose  the  throat  to  attack. 
Once  down  there  will  be  a  playful  use  of  teeth,  accompanied 
by  more  or  less  vocalization,  tollowed  by  a  quick  break-away 
and  an  immediate,  or  delayed  renewal  of  the  tus.sle.  If  the 
young  ones  begin  such  play  with  each  other,  it  often  happens 
that  the  old  ones  begin  a  similar  match  among  themselves. 
Tliis  last  may  be  an  instance  of  imitation,  aud  will  receive  con- 
sideration later.  When  one  of  the  young  ones  attempted  to 
hang  from  a  low  trapeze  aud  have  a  good  swing,  another  young 
one  came  along  ami,  thrusting  his  nose  into  the  gymnast's 
stomach  pushed  him  to  the  floor  aud  then  took  the  place  on 
the  trapeze  himself,  throwing  back  his  head  and  playfulty 
growling  at  the  discomfited  fellow  who  usually  took  this  as  a 
signal  to  retaliate  in  a  similar  attack. 

I  gave  them  a  rubber  ball  one  day.  At  first  they  tried  to 
eat  it.  but  when  they  discovered  that  it  would  roll  the  play  be- 
gan in  earnest.  One  would  back  off  with  the  ball  between  his 
paws  while  another  would  try  to  secure  possession  of  it.     Its 
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aUractiveness  iKOted  but  a  short  time,  however,  and  after  the 
first  few  days  they  aevet  played  with  the  ball  again. 

If  the  mother  mid  youu^  arc  a!>i>r>tiichin^  each  other  from 
opposite  directions  the  mother  will  sometimes  catch  Ihc  hind 
foot  of  the  young  one  just  as  she  is  passinn  and  turn  it  over  on 
llK  baclc  with  a  quick  flip,  the  young  one  then  attempts  to  de* 
fend  itself  with  its  feet  in  air,  or  by  curling  up  against  the 
miiiher  who  tries  to  rub  its  stomach  with  her  nose.  I  lind  this 
seizing  by  the  hind  foot  while  bearing  off  with  the  shoulders  to 
be  a  very  common  method  of  fightiug  among  mature  coons. 
The  raccoon  also  lights  on  its  hack,  -so  we  probably  have  here 
the  beginnings  of  a  proper  training  for  future  straggles  where 
the  life  of  the  animal  is  at  stake.  Sometimes  the  young  ones 
by  themselves,  but  more  oHcn  the  mother  would  catch  one  by 
the  tail,  or  bind  foot,  either  with  the  paws  or  teeth,  aud  drag 
it  trackwards  across  the  cage,  Thiti  u.'iuatjy  resulted  in  a  tussle, 
in  which  the  victim  on  ils  back  tried  to  seize  the  head  and  neck 
of  the  attacker  with  its  fore  paws  and  pull  it  down  within  reach 
of  its  jaws. 

The  study  of  Dr.  Robinson  (30)  on  ttcklishness  has  evident 
hearing  on  this  kind  of  play,  and  from  him  I  quote: 

"Not  aoiy  evrry  purl  of  onr  ]>by»)cal  (ramc,  tinl  every  inttiDCt  and 
appetite,  either  U,  or  liaii  bccii  at  Aocic  pRst  ilOKe  of  huronii  bifilory, 
OCCcMar}-  to  Mcurc  tbe  aarvivul  or  protprrity  of  tbe  lace.  Thi-  baiiiig 
of  the  tertb.  the  defensive  inavemcnu  of  the  limtx;  the  attempts  to 

ftroiccl  rceiona  from  attack  as  iicck,  aiiuplt*,  and  Ktoitt  at*  cbaraeter- 
Uic«f  lickliuK  t>araii«d  to  a  vigorouB  outcome.  Wc  are  dealing  witb 
bat  one  type  of  ticklisbnesi.  v'it.,  that  wbicb  ia  especially  present  in 
early  life — when  It  ii  plainly  aMOclalcil  witb  a  natural  (Icalre  or  appe- 
tite which  la  InteimJttFiit,  needing  the  subject  to  be  in  a  receptive 
mooil,  and  wbicb  is  always  associated  trilb  Inugbler  nod  play.  Tbis 
form  bos  a  locial  *i)(iiificaace,  wbicb  the  others,  as  irritability  of  Ibe 
nucouK  tiiciiibrahf«,  on  the  uslslc  and  io  tbe  nostrils,  or  the  palmer 
•nrfsccs  or  sole*  o(  the  feet,  nnve  not. 

"  Tile  more  tick tiib  ic)[ioaR  of  tbe  body  both  in  innn  and  animal* 
aie  ebif-fiy  tbe  armpits  and  eonllguona  parts;  Ihe  ribs,  cspecistly 
where  they  join  tbe  abdomen ;  the  front  and  liiles  of  tbe  nccK,  espe- 
cially just  above  tbe  collar-bone;  the  nnpcr  and  itsner  parts  of  Ibe 
thi  Kb.  over  the  reyioa  known  to  snatomisis  as  "Scarpa's  Trlaoele  ": 
and  00  the  limbs,  the  ports  behind  tbe  knee  and  in  front  of  the  elbow, 

"Tbte«  poinlsare  plain:  i.  All  the  youtiKcrcaturcs  which  obvionslr 
take  pleasure  in  beinK  tickled— whlcb  have  ihc  appetilv  Id  a  marked 
denKc^are  naturully  playlul,  and  appear  to  take  a  special  delight  in 
romps  of  a  rougb-atid-tnmMe  character,  which  are  essentially  mock 
baitlea.  9.  The  rc|c<on«  wbicb  arc  especially  ticklish  aiid  most  c«tc- 
Inlly  defended  In  tbeae  games  are  tbos«  which,  in  a  scrions  fight  with 
formidable  teeth  and  claws,  would  prove  most  VDlnctable.  3.  All 
these  ainnuli.  with  the  eac<-ptinn  of  man,  arc  armed  in  ihia  way,  and 
Mttle  tlicir  differences  by  adroit  nee  of  sncb  weapon*. 

"Hcuce.  a  Touncdog  or  npe  whicb.  in  the  innumeiable  sham  Gghta 
of  its  joDth  Icorns  to  defend  tbe  axilla:  where  a  single  bite  might 
sever  the  axillary  artery;  the  neck  with  tbe  csiotiil*  arid  windpipe 
just  nnder  the  snrfacei  the  Banks,  and  borders  of  tbe  ribs,  where  a 
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compaiativcly  •lif[hl  tear  Uy*  open  the  HbdotniBBt  cavity:  as^  tlM 
groin  where  tbe  K'eal  femoral  vcmcIr  lie  clo»*  to  the  aklo,  wonM. 
witbont  doubt,  be  vnitly  better  efjaipped  foi  the  fierce  combats  tof 
»Bfrteai»ie.j  in  nftcf  life  than  an  aDiiiint  which  had  not  undergpae  tb« 
ume  elaborate  training.  Warlarc  becomes  more  ant)  more  a  matter 
of  ediKatMH,  tactic*,  ami  straiegx.  and  Ini  a  matter  of  bratc  forte,  •• 
tbe  acale  of  intelligence  i*  uccnded.  lonnmcrablc  feltits  and 
methods  of  attack  appear  which  are  cotintered  by  a  aeries  of  j^arda 
eonallj  elaborate.  Strategy  depend*  vpoii  experience,  adroiineaa,  and 
ooaptiTcneu  and  not  umu  inhercm  iuttiacts.  It  must  be  learned; 
and  a  p>ianK  animal  which  had  not  the  advaotace  of  »tx  cdncation  de- 
rived  from  sham  S^hti  in  rn]y  youth  woaliT  be  ai  hclplcaa,  wh«a 
bravEbt  face  to  fnre  with  nn  eiperlenccd  foe,  as  one  of  ti»  who  knew 
DothlDR:  of  fittlcnOs  or  sword-plajr  woald  be,  if  he  war«  pitted  aicainM 
a  practlceii  pugilist  or  fencer.  ' 

One  of  the  most  interesting  observatioDS  npon  the  play  of 
tlMse  animals  was  made  during  the  first  week  after  I  secured 
ihc  mother  and  her  three  young  ones.  When  no  one  was  look- 
ing on  they  used  to  sally  forth  from  the  little  inside  sleeping 
boxes  into  the  yard  of  the  larf;e  caRe.  Tbe  mother  was  always 
leading  and  each  little  fellow  foltowed  with  one  of  his  fore  pawa 
on  the  hip  of  tbe  fellow  just  ahead.  This  seemed  tike  a  sort  of 
foil" w-the- leader  game. 

In  rare  instances  there  appeared  activities  which  might  be 
Interpreted  as  having  sexual  significance.  Such  would  l)e  those 
where  one  animal  seized  the  other  by  the  thighit  with  the  fore 
|MW»and  held  it  thus  for  sometime,  or  simply  dragged  it  aboat 
tbe  cage  after  having  thus  M:i7.«l  it. 

Hi^matioti.  Attention  has  already  been  called  to  tbe  abil- 
ity of  the  raccoon  to  adopt  itself  to  variations  of  diet.  A  sttidy 
of  its  life  during  the  first  and  second  winters  »ccms  to  point  to 
a  similar  adaptability  to  prevailing  differences  of  tcmparatnre. 
The  characteristics  of  the  hibernating  period,  as  slight  iK^tiug 
of  the  heart,  apparent  cessation  of  respiration,  loss  of  fat  ac- 
cumntated  during  the  summer  and  autumn  in  supplying  the 
constant  demand  in  the  production  of  heat  energy,  the  neces- 
sity of  seclusion  lest  the  shock  of  sudden  waking  with  its  heavy 
demand  upon  circulation  and  rc^pir^Hion  Hhonld  cau.se  immedi- 
ate death;  these  arc  all  familiar  to  the  student  of  the  habits  of 
msminals  undergoing  the  profound  sleep  of  the  hibertiatitig 
period.  Tbe  raccoon,  however,  docs  not  sleep  as  profoundly 
a»  the  bear.  The  constant  loss  of  moisture,  cotupels  it  to  come 
oat  of  winter  quarters  and  seek  the  water.  In  the  wild  when 
they  come  out  they  sometimes  travel  for  a  mile  or  more,  cither 
returning  to  their  own  den  or  turning  in  with  another  coon, 
with  which  Ihcy  pass  the  remainder  of  the  pcrio<l. 

During  the  first  winter  tny  animals  went  into  hibernatioa  in 
an  apparently  normal  way.  They  u.icd  to  come  out  about  once 
in  two  weeks  for  water.    At  such  times  they  seemed  to  be  gel- 
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ting  weaker  and  weaker.  Their  actions  were  tho«:  of  animals 
which  hud  been  in  ooe  position  a  Iork  time,  so  that  the  tremb- 
ling of  the  bod)',  and  tottering  gait  might  have  been  due  to  a 
cramp  from  which  they  bad  but  just  found  release.  On  com- 
ing out  permanently  in  the  spring,  one  of  the  animals  was 
takcu  sick.  She  lost  all  her  strength.  If  she  attempted  to 
climb  or  .stand  up  on  her  hind  leg.i,  she  would  fall  to  the  floor 
in  a  helpless  condition.  The  enteric  plug  of  the  coon  is  not  as 
large  and  hard,  proportionately,  as  that  of  other  hibernating 
animalK,  but  this  animal  acted  as  if  poisoned  by  the  retention 
of  the  faeces  and  urine.  Proceeding  to  treatment  on  the  basi-t 
of  this  diagnosis  she  made  a  quick  recovery  after  her  relief 
Jrom  the  disturbing  cause. 

During  the  first  winter  the  cage  was  out  of  doors.  During 
the  second  winter,  since  living  in  the  city  rendered  it  imprac- 
ticable to  keep  the  cage  outside,  it  was  placed  in  the  basement 
of  a  stable.  This  was  commodious  and  well  lighted,  and 
without  artificial  heat.  The  diflcrences  in  temperature  between 
inside  and  outside  during  the  season  were  of  but  a  few  degrees, 
and  yet  none  of  the  raccoons  went  into  hibernation.  Two  others 
which  catue  in,  one  about  ihc  middle  of  the  winter  and  another 
almost  at  the  end.  went  through  the  normal  process  of  gtadu- 
nally  waking.  This  failure  to  hibernate  has  thus  far  shown  no 
determinate  effect.  In  fact  the  physical  condition  of  the  ani- 
mals seems  higher  since  the>-  have  l>een  able  to  avoid  the  usual 
dci>Ietion  of  the  period.  The  lower  latitudes  of  the  gcogrnphi- 
cat  range  of  the  raccoon  offer  conditions  of  such  a  character 
that  hibernation  is  unncccs«iry,  but  the  interesting  feature  of 
thU  observation  was  that  so  small  differences  of  temperature 
seem  to  have  been  sufficient  to  cut  out  the  period  and  hahtt 
altogether. 

Dhpoiat  ef  excremtfit.  Raccoons  in  the  wild  drop  the  fisccs 
wherever  they  happen  to  be  and  leave  them  exposed.  This  is  one 
of  the  means  used  by  hunters  for  tracking  them  or  determin- 
ing their  presence  in  a  locality.  It  is  also  likely  that  from  the 
observation  of  the  &ecc8  thus  dropped,  the  Indians  aoinircd 
sufficient  knowledge  of  their  feeding  habits  to  attribute  to 
them  the  conversations  on  the  effects  of  ceruin  wild  frniis, 
which  wc  6nd  in  the  Indian  folk-stories. 

At  first  my  animals  in  captivity  followed  the  habit  of  the 
woods,  exercising  no  selection  of  place  for  the  deposit  of  the 
fseces.  When  confined  in  a  smalt  cage  of  two  comportments, 
an  upper  and  a  tower,  they  soon  made  a  choice,  one  of  a  corner 
in  the  lower  compartment,  the  other  of  the  entire  upper  com- 
partment. When  ptit  into  the  larger  cage,  they  gradually 
formed  the  habit  of  depositing  tuibind  the  tuner  cage  in  a  nar- 
row but  somewhat  concealed  passageway.      When  moved  into 
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a  still  larger  cage  with  other  animaU,  where  the  Soor  was  cov- 
ered with  sawdust,  all  soon  selected  a  defiuite  part  of  the  floor 
and  began  coveriuK  the  excremeat.  The  seven  animals  which 
are  now  together  in  a  still  larger  place  of  confinemeot,  have 
two  places  within  the  area,  and  at  one  of  the  other  of  th«M 
tbey  all,  with  bnt  rare  exception  deposit,  urinate,  and  cover. 

Something  similar,  so  far  at  least,  as  regards  the  constant  dm 
of  a  paitictilnr  place  is  not  infrequently  lo  be  observed  in  the 
case  of  other  animals.  1  am  not  aware,  however,  that  the  talc* 
ing  on  of  the  covering  habit  had  been  noticed.  In  any  cau 
the  observation  \a  a  most  interesting  otM.  We  have  a  stereo- 
typed form  of  bcharior  which,  if  observed  in  its  6aal  tlcpt 
alone,  would  unhe-titacingly  be  pronounced  instinctive,  actu- 
ally acquired  in  a  comparatively  short  time  and  under  observa- 
tion. That  it  is  a  response  to  some  special  feature  or  features 
of  the  life  in  coofioement  can  hardly  be  doubted,  and  the  ques- 
tion is  natural  as  to  how  far  other  stcrcot>-pcd  and  seemingly 
iustinctive  forms  of  activity  in  these  and  other  animals  are  tike- 
wise  plastic  and  owe  their  seeming  fixity  to  the  fixity  of  the 
conditions  in  which  the  animals  usually  pass  their  lives.  We 
may  even  aitk  the  further  question  whether  tnao's  greater  plas- 
ticity is  not  in  large  measure  the  rcBcxion  of  his  complex  aud 
varyinif  environment  rather  than  a  special  eudowmeni. 

These  questions  are  of  course  more  difficult  to  answer  than 
to  ask  and  it  is  not  our  purpose  here  to  try  to  answer  them. 
Even  the  attempt  to  fix  upon  the  special  features  of  the  life  in 
captivity  that  are  responsible  for  the  change  must  be  largely 
conjectural.  The  uniformity  of  place  selected  may  have  an  ele- 
ment of  imitation  in  it,  to  be  discussed  later,  or  may  be  the  re- 
sult of  an  association  by  which  the  odor  of  the  excrement 
tends,  when  the  timi.-  of  excretion  is  near,  to  sngger^t  the  act. 
The  disagreeable  association  of  odurc  with  no  possibility  of 
escape  for  an  animal  not  accustomed  to  iu  presence  may 
account  for  the  covering  which  conceals  what  cannot  be  left 
behind  and  thus  out  of  sight. 

Tentperamenl.  Whoever  has  observed  animals,  either  wild 
or  tame,  for  any  considerable  time,  sootier  or  later  discovers 
that  they,  like  the  human  animal,  have  widely  differing  tern* 
peramcnts,  and  manifest  varying  characteristics,  which  may 
depend  in  part  on  physical  organization  but  Gud  proximate 
cause  in  changes  in  weather  cnndttiun.s,  food,  or  other  djsturtv 
iog  factors  not  so  readily  classified  While  it  may  be  less  possU  ' 
ble  even  than  with  muu  to  select  distinctive  physical  marks 
of  temperament,  such  as  the  color  of  the  eyes,  hair,  aiMl  skin, 
temperature,  character  of  the  pulse  beat  and  quality  of  the 
flesh,  yet  impeiuousuess  of  action,  sluggishness,  cruelty, 
ferocity,  solitary  or  gregarious  tendencies,  moroficness,  stupid- 
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Ity,  tion-jrritability,  aod  such  like,  when  observed,  go  far 
towards  giving  a  more  perfect  understanding  of  animal  life. 
Indeed,  these  lempeiameutal  differences  are  often  as  wet!  de- 
fined as  in  the  case  of  human  individuals.  Some  auimals  are 
of  the  nervous,  others  of  the  phlcgraatic.  and  still  others  of  the 
bilious  type,  ifwemay  be  allowed  todesignatethcm  thus  for  pur- 
poses of  description.  Those  of  the  mnsi  purely  nervous  type 
are  much  more  active,  make  many  more  movements  in  expert- 
mental  work,  and  yet  accomplish  the  task  in  the  same  or  less 
time  than  their  more  slowly  moving,  accurate  and  phlegmatic 
fellows. 

A  blow  with  a  stick  may  mean  toone  animals  never- to-be-for- 
gottea  injury,  wtile  to  another  it  merely  serves  as  a  corrective. 
RMOOon  No.  3,  who.se  photograph  appears  in  Figs.  4  and  ti, 
and  at  the  right  of  Fig.  7  in  Plate  11,  ba.*  never  ceased  10  re- 
member a  blow  which  was  given  in  a  thoughtless  moment, 
when  the  master  tost  his  temper.  She  is  always  suspicious, 
and  makes  use  of  every  opportunity  to  spring  at  any  person, 
for  all  alike  are  enemies.  She  will,  however,  stand  up  on  a 
box  at  the  opposite  side  of  the  room,  or  even  in  the  middle  of 
the  floor  and  beg  for  food  as  if  she  were  the  most  affectionate 
of  all.  (Fig.  [[,  PI.  II.)  Go  near  and  you  are  met  with  a 
growl,  a  spring  and  sharp  teeth.     (Fig.  7,  PI.  II  at  the  right. ) 

Figs.  3,  6,  and  to,  ?1.  II,  repre.->enl  an  animal  at  almo-st  the 
opposite  extreme.  She  has  been  punished  lor  wrong  doing 
but  ne\'er  resents  it.  She  will  come  to  you,  sit  on  your  knee, 
climb  to  your  shoulder  for  food,  and  if  she  thrusts  her  pointed 
nose  into  your  face,  she  never  oSers  to  bite,  snarl,  or  intention- 
ally scratch  you.  Ftg.  i.  is  much  of  this  same  type,  but  being 
blind  he  must  be  Touched  gently,  as  he  can  only  thus  distin- 
guish friend  from  foe.  Fig.  3  shows  an  animal  which  was  at 
the  first  timid  and  somewhat  morose.  For  more  than  a  year 
it  was  impos-sible  to  either  coax  or  whip  him  into  obedience; 
then  suddenly,  without  any  apparent  cau.se,  he  changed  en- 
tirely. He  began  to  climb  into  the  lap.  to  eat  from  the  hand, 
and  to  do  as  was  desired.  He  seems  still  to  hold  unplexsaut 
raemnries  of  a  stick  which  his  master  seldom  carries  now,  and 
the  passdug  of  the  stick  may  account  for  the  absorption  of  the 
field  by  new  and  more  pleasant  associations, 

A  change  of  scene  seems  to  aSect  all  alike,  save  one.  It 
usually  takea  about  three  weeks  for  them  to  settle  comfortably 
into  new  quarters,  and  go  about  their  experimental  task:*. 
When  they  were  moved  into  the  university  building  I  was  not 
prepared  to  find  them  refusing  to  wiirk  even  at  their  most 
familiar  tests  for  more  than  ten  weeks.'     They  even  refused  to 

>A  secies  ■>(  exlTBDCous  distutbances  10  vbich  Ibev  were  subjected 
during  the  earlier  part  of  tbetr  stay  Iti  tlie  university  buildinif  liad 
much  t»  do  witb  their  long  period  ol  nerroasnts*. 
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take  tbeir  Tood  froin  the  hand,  save  one,  as  noted  above.  TUs 
is  an  old  coos.  Fresh  changes  may  arise  hot  she  is  never  di»- 
ttirbed.  She  goes  about  as  if  all  the  new  were  old.  I  bare 
ne\*er  been  able  to  gel  her  full  history,  ond  so  suspect  that  the 
may  have  been  in  captivity  before,  and  possibly  have  escapvd. 
The  field  of  observation  in  tetupcraaieiitit)  differences  is  a 
large  one,  bnt  it  is  fertile  with  clnes  to  all  kinds  of  experimental 
problems,  aad  its  possible  effects  have,  perhaps,  been  too  little 
regarded  by  experimenters  geoerally,  especially  when  experi- 
ments have  been  made  upon  bnt  few  individuals. 

ExrKKlMKNTS. 

Atiimali  experimented  ufioH.  It  ts  hardly  potsible  to  gire 
more  than  an  approximate  estimation  of  the  age  of  the  animals 
which  I  have  had  and  now  have,  in  view  of  the  fact  that  tbej- 
were  all  secured  from  the  wild  and  so  fully  grown  za  to  put 
accur.ite  ligurcs  out  of  the  qiivstinn.  The  figare»  are  simply 
estisiatcs  based  upon  close  obser\'ation  by  myself  and  others 
acqnainled  with  the  life  of  the  raccoon  in  the  wild.  They  are 
rough  approximations,  but  are  believed  to  be  not  far  from  the 
truth. 


Ho.    '     S». 

Approx.  age. 

Renarka. 

1. 

Female. 

4>jyra. 

Trapped. 

«. 

Pctnale. 

*Xyr». 

Tt  lipped. 

3- 

Petaale, 

3     yr»- 

Taken  from  Ireo  with  young. 

4- 

Male. 

ijiyra. 

Yon  11  g  of  No.  3. 

I: 

Uale. 

rjiyr.. 

Vonng  of  No.  3.    Dkd  Feb.,  1907. 

Uale, 

tHjr*. 

VoauKof  No.  3. 

7- 

Pemale. 

Age  uD- 
ktiown,  old. 

Bottshi.    Perhap*  prerlonalj  In  cap- 

IlTitV. 

Obtnliicil  from  Penn.    Escaped,  recap. 

8. 

Hal*. 

a     yra. 

9- 

Male. 

a     yrw. 

Obtsiucil  Iron]  Peon.     Eicapcd. 

lO. 

Male. 

a     yra. 

Ohiaiucd  from  Peno.    B«cap«d. 

II. 

Male. 

3     yre. 

Trapped,  cacaped,  rt<apmred,  died. 

13. 

Female. 

an  yrs. 

Trapped,  died. 

The  ages  given  arc  either  for  the  summer  of  1907,  or  the  age 
at  death  or  escape.  I  have  bad  to  do  with  about  equal  num- 
bers of  each  sex.  and  have  not  been  able  to  determine  that  sex 
makes  much  ditTcrence  in  the  matter  of  intelUgetKe;  it )»  rather 
the  individual  temperament  and  character  which  count. 

Housing.  During  the  three  years  which  have  thus  far  been 
given  to  a  continuous  observation  of  these  animals,  their  quar- 
ters  have  beeu  changed  and  enlarged  as  numbers  increased  aod 
experimental  conditions  made  greater  demands  for  space.  Id 
the  beginning,  the  first  two  animals  were  kept  in  an  enclosure 
of  chicken  wire  fastened  to  a  wooden  framework  6  ft.  x  4  ft. 
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X  6  ft.  The  wire  wns  reenforc«d  by  interwoveu  iron  wire  of 
No.  iS  gaage.  Inside  this  enclosure  was  a  small  tw(>-stnried 
closed  c*gc  in  wbich  the  animals  passed  the  nights  and  also 
hitiernntt-d  during  the  first  winter.  In  the  spring  the  ibird 
animal  which  was  trapped,  No.  ti  in  the  above  list,  escaped 
from  this  cage  and  thus  made  necessary  the  construction  of 
larger  and  more  secnre  bonsing.  A  cage  7  ft.  square  was  con- 
structed, with  a  wooden  framework,  which  supported  heavy 
iron  screens  of  i  ^  inch  diagonal  mesh,  such  as  U  commonly 
used  in  banking  houses.  The  rear  of  this  cage  was  shut  in 
by  a  series  of  four  two-storied  sleeping  boxes,  so  arranged  as 
to  be  occupie<l  singly  or  all  thrown  into  communication.  This 
oKred  facilities  for  the  isolation  of  any  particular  animal  dur- 
ing experimental  periods,  and  at  the  same  time  made  it  possible 
to  gratify  the  animals'  propensity  to  crawl  in  and  out  through 
dark  and  light  places.  The  third  move  was  into  an  enclosure 
inside  the  University  buildings.  This  tx  14  ft.  s<iuare.  con- 
structed on  two  sides  of  sheathing  to  a  height  of  7  ft.,  the 
remaining  space  above  being  shut  in  by  heavy  poultry  wire  of 
^  inch  mc^.  The  inside  walls  of  the  building  form  the  other 
two  «dea  of  the  enclosure.  Two  large  windows  look  out  on 
the  street,  which,  however,  is  »ome  distance  away,  The  wire 
and  the  boxes  and  standi^  placed  on  the  floor  provide  oppor- 
Innity  for  exerciite  in  climbing  alwut. 

Feeding.  The  sorts  of  food  upon  which  the  raccoon  will 
thrive  have  already  been  mentioned  (p,  450).  In  the  matter 
of  feeding  three  mcab  a  day  and  regularity  has  been  the  rnic, 
Bostock's  (4)  six  days'  femling  and  one  day's  fasting  has,aIso 
been  adopted.  This  e<iaall7.es  somewhat  the  great  differences  be- 
tween the  conditions  of  food  getting  in  the  wild  and  in  cap- 
tivity, lu  so  far  as  pou^iblc  the  times  of  experimentation  have 
coincided  with  the  feeding  periods.  In  experiments  tike  those 
in  color  discrimination,  where  variation  in  natural  illumination 
was  aircessary.  there  was  u  departure  from  this  rule.  The 
ration  has  been  fairly  uniform.  Neither  a  condition  of  satiety 
nor  hunger  has  been  sought,  but  such  as  seemed  on  close 
observation  to  be  that  of  highest  efficiency.  It  is  somewhat 
significant  that,  after  a  period  of  work,  the  coons  usually  retired 
to  the  sleeping  boxes  and  took  a  nap  of  greater  or  less  dura- 
tion. Whether  this  was  an  alternation  of  sleeping  and  eating 
or  one  of  work  and  sleep  is  not  clear.  Probably  all  three  fac- 
tors entered  in  some  degree. 

Apparatus.  In  the  experiments  to  be  described,  the  food  was 
placed  iuside  a  wooden  box  15'  x  11"  x  12',  in  the  front  of 
which  was  a  door  6*  x  5',  which  the  animal  was  required  to 
open  in  order  to  secure  the  food.     {Sec  Plate  II,  Fig.  5.)    The 
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door  was  adjusted  to  open  outward  when  it  was  once  rcV 
by  the  locking  device.     The  simple  <icvices  used  were: 

t.  A  hutlon.  Thia  wu  to  placed  sod  adfn«t«d  tb«t  it  m: 
tbra*t  (lowiivrard  ttaronyh  au  aafile  of  about  40^.  Tbe  buttt 
placc<!  at  the  upp«r  tight  band  cornet  ol  ihc  door  durtn*  one 
ol  trial*,  and  at  ^e  upper  lelt  tianil  coraer  during  a  •«cotin  Kcrici 

a.    A  vertical  gaU  nook.    Tbis  wai  plac«d  at  tbe   middic  a\ 
door.    It  waa  adjuited  to  move  to  the  right  in  one  seriaa  of  trial 
to  tbe  left  in  another  aerie*. 

J.  A  boU.  Ttaia  was  of  tbe  conimon  tlidc-bolt  pattern.  I 
placed  at  tbe  left  of  the  door,  and  adjniied  to  alide  to  tbe  left. 

5.  A  T-tatch.  Tliia  waa  placed  verticatlj  at  the  middle  of  the 
•ad  adfuued  to  nwve  totbcrl|{Iit  in  uoe  aerieaof  trials,  and  to  tb 
In  another  aerka. 

&    A  tifi-tateh.    This  wa«  placed  at  the  rfeht  of  the  door,  ai 

Justed  10  be  mored  tbrongh  an  angle  of  90*ln  order  to  r«l 
loor. 

7-  A  plug.  Thii  wot  placed  ott  (he  top  of  the  box,  sad  m> 
nected  with  a  bolt  intido  tlic  box  that  pulfing  the  plnft  drew  u 
bolt  and  »o  releaaed  tbe  door. 

8-  A  korizemtal hook.    Thi*  wa*  placed  at  the  left  of  tbe  dooi 
bad  to  be  lifted  in  order  to  retcaM  the  door.    It  mw  tbe  wttae 
that  bad  been  naed  in  the  vertical  position. 

9.  A  btar^down  Itvtr.  Tbii  was  plaeed  at  the  rigbt  end  ( 
box,  and  ailju«te<l  to  la»tcii  the  door  on  the  InBidr.  Lifting  tbe 
end  about  an  inch  released  the  door. 

10.  A  p»sX  bar.    Tbi>  wai  placed  at  the  right  end  of  the  boi 
was  ad|u»tcd  to  fasten   the  door  oti  the  inside.    A  thrust  of 
three -qnaitera  of  an  inch  released  the  door. 

Beside  these  simple  locking  devices,  wbJcb  were  used  si 
the  door  for  certain  experiments  w«s  held  by  two  or  thi 
such  simple  fastenings.  These  will  be  referred  to  as  Gi 
The  elements  of  the  groups  were  familiar  to  the  anitnmla 
their  use  itingly,  and  could,  of  course,  be  operated  in 
order.     The  groups  were  constituted  as  follows : 

11.  Group  /  confined  0/ taio  bnttont.  out  at  the  upper  rfglit 
comer  of  Ibc  door  and  one  at  the  upper  left  hanil  corner. 

11-  Group  It  a-as  Iht  iontf  as  Group  I  with  Iht  vertical  gatt 
added »X  the  middle  of  the  door  bctweea  the  buttons. 

T\iQ  CofnNnatidns.  like  the  groups,  were  built   up  from 
simple  locking  devices  already  tkmiliar,  but  tliey  differed  |_ 
the  groups  in  requiring  that  the  elements  should  be  opera 
if  at  all,  iu  a  definite  order. 

13.  CombinatioH  I  comiited  0/ /our  toekt,  ■  bear-down  lever  w 
right  end;  a  ping  ni  the  ton:  a  btiitou  nl  the  left  of  the  door;  si' 
venicnl  hook  placed  a  little  to  the  riKht  o(  the  iniiUle  of  the  d 
The  entire  mechauiEm  was  so  constructed  that  each  simple  l 
while  a  part  ol  the  Gonibiuallon,  yet  fastcoed  the  door  by  itself, 
outside  and  inside  views  of  this  eombination  are  given  in  Pigs,  g 
S.  Plate  II.  WhcD  the  lever  numbered  t  was  properly  worked  it 
tciieil  itself  so  that  it  could  not  be  moved  back  ftt!*>''  "u^^  refastca 
door,  and  at  the  same  time  made  it  possible  to  pull  up  tbe  pli 
When  the  plug  had  been  pulled,  the  button  3  could   be  turned; 
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Utit  ni«~fanl(9n  had  been  turned,  the  book  4  conld  be  relMHd,  anit 
tbe  door  would  fly  o]>ca. 

■4.  CamiiHudan  II  cansisUd  also  of  four  elements:  a  punb-txir  at 
tbe  left  ciid;  a  bolt  at  llic  left  of  the  door,  to  be  thrutt  to  the  left:  a 
button  at  tbe  n;;bt  of  tbe  door,  to  be  tbrnst  downwaid;  and  a  kind  of 
hook,  kDOWD  nt  the  baidwnrc  dcalcri  ai  an  lotidc-blind  catch,  placed 
at  tbe  top  of  tbe  door,  to  be  tbtutt  to  tbe  richt.  Tli«  internal  char- 
acter of  thcmecbanitiii  u-as  aiuiUar  to  tbat  ofCombiaatlon  I.  In  tbj* 
com  bio  at  ion,  as  in  the  other,  the  clcmcnta  wcic  so  arranged  a«  to  prc- 
Klil  tbe  accidental  relocklng  of  anj  ob«  of  Ibenl  after  it  had  be«ti 
operated  In  ita  proper  turn. 

All  tbe  simple  locking  devices  were  set  to  move  at  between 
300  grms.  and  400  gmis.  It  was  not  possible  to  adjust  ihem 
accurately  in  the  case  of  the  cotnbinatioiiK,  on  account  of  the 
combined  lever  system  and  the  crudeness  of  tbe  constrnction. 
In  the  combination!!,  therefore,  there  was  much  vAiiMtion  in 
the  amount  of  force  necessary  to  move  the  fastenings, 

MelkodefWork.  Food  was  placed  inside  the  box.  the  door 
clo»e<]  and  fastened  by  wh;klevcr  device  was  in  nse  at  the  time. 
The  closed  box  was  then  placed  in  the  cage  and  tbe  animal 
turned  loose  to  invcstiRate.  No  other  incentive  was  given  than 
curiosity  anct  moderate  appetite,  possibly  intensified  by  the 
smell  of  tbe  food  concealed  in  the  box.  At  the  fintt  the  box 
was  not  fastened  to  the  floor,  but  it  toon  became  necessary  to 
fasten  it,  because  of  the  rough  handling  it  received  anle^  so 
secured. 

The  times  required  for  tbe  working  of  tbe  fastenings  were 
taken  with  a  stop-watch  reading  to  fifths  of  seconds,  but  the 
curves  presently  to  be  considered  were  all  plotted  from  the 
nearest  readings  in  seconds.  The  lime  taken,  incltided  the 
eniite  period  during  which  the  animal  was  in  contact  with  tbe 
locking  device.  If  bis  attention  was  distracted  note  was  taken 
of  the  same,  and  such  and  all  known  sources  of  error  elimiuated 
from  tbe  learning  ctirves. 

Each  animal  was  given  forty  trials  on  each  lockisg  device. 
These  forty  trials  were  not  always  consecutive,  because  the 
animal  often  left  the  box  after  ten  or  twenty  trials.  Sometimes 
this  was  due  to  a  satiety  of  food;  at  others  it  was  due  to  lack 
of  interettt.  A  period  of  several  hours  or  e^■cn  an  entire  day 
might  thus  intervene  at  times  between  two  consecutive  trials. 

The  successful  operation  of  the  mechanijtin  in  onir  second  was 
taken  as  the  standard  for  perfection  in  the  case  of  the  simple 
locks.  Iq  tbe  case  of  the  combinations,  the  animal  was  con- 
sidered up  to  btatidard  when  it  worked  the  apparatns  ten  times 
in  succession  without  error  id  the  order  or  failure  in  muscular 
adjostmcnt  to  the  different  locking  devices.  Tbe  times  tX 
such  standard  performances  was  uniformly  about  five  seconds. 
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Rbsults  or  ExrsKiMBNTs. 

VariatioKi  in  the  atteuk  im  locks.     The    tests    iodiette 
each  aDimal  ^hows  snmc  iDdividuality  in  tbc  method  of 
tbe  locks,  though  ditTcietit  methods  arc  employed  nt  d 
timcTK.     Sometimes  the  variation  appears  in  the  way  in  which 
animal  approaches  the  box,  and  thisoften  involved  a  cb 
tic  method  of  attack:    again  in  the  order  of  working 
and  often  in  bringing  into  action  not  only  tfac   fore  feet, 
bind  feet,  uose  and  even  the  weight  of  the   txxly.     Age 
makes  a  difference.     Old  coons  work  with  reserve,   direct: 
and  accuracy:  white  the  young  ones,  if  ihcy  vrtttV.  at  all, 
a  much  larger  but  less  regulated  output  of  their  energy.     A 
illustrations  will  maVe  this  matter  clear. 

When  the  button  at  ihc  upper  right  hand  corner  of  the 
was  (i^^t  given  to  No.  i.  she  used  to  reach  down  the  front  of 
box  while  standing  on  the  top  and  thrust  the  button  witb  t 
paw.  After  a  few  trials  she  changed.  Going  around 
the  box  to  the  right  end  and  reaching  around  the  co 
pulled  the  button  towards  her  with  (he  left  paw.  Sometii 
she  would  come  to  the  front  of  the  box  and  thraat  the  but 
with  the  right  paw,  or  with  the  teeth.  Nos.  2,  3,  4  and  5 
ways  went  to  the  front  of  the  box.  No.  2  used  her  nose. 
J,  used  her  right  paw  ami  standing  at  the  left  thrust  the  but 
Irom  her.  No.  4  and  No.  5  uaed  both  paws,  and  often  le 
and  pnwa. 

In  the  case  of  the  bolt  at  the  left  of  the  door.   No.    1   has 
ways  workcil  it  from  the  top  of  the  )k)x,  by  reaching  down 
front  and  thrusting  the  bolt  to  the  left  with  the  right  p< 
Thb  method  may  have  been  borrowed  from  the  position  fi 
assumed  in  the  case  of  the  button.     No.  9  stands  in   front 
a  little  to  the  right  of  the  door  and  thrusts  the  bolt  to  the 
with  the  left  paw.     No  3  stands  at  the  left  end  of  the  box 
pulls  the  bolt  towards  her  with  the  right  paw.     Nos.   4  and 
•dopt  at  different  times  the  method  of  No,  3  or  that   of  No. 
They  have  never  worked  from  the  top  of  the  box  thus  far. 

All  five  with  practical  uniformity  now  repeat  the  position  t 
method  finally  fixed  upon,  whenever  the  same  device  is  pt 
seated,  even  after  intervening  periods  of  days,  week.s,  omiontl 
When  Group  II  was  given  to  No.  t.  she  used  at  the  &rst 
open  the  button  at  the  left  by  standing  at  the  left  end  of  the  b( 
and  pulling  the  button  towards  her  with  the  right  paw  ;  tb 
she  would  walk  round  behind  the  box  to  the  right  end  ai 
reaching  the  hook  with  her  left  paw  pull  both  book  and  hott 
towiud-t  her.  One  variation  of  this  method  was  to  stand  f\ 
front  of  the  door  and  thrust  the  button  on  the  left  with  the  lef 
paw,  and  the  hook  and  button  on  the  right  with  the  nose. 
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Other  variation  was,  staadiiig  in  front  and  pladnj;;  the  riRht 
paw  on  the  right  button,  the  left  pan:  ou  the  left  butlon,  and 
the  nose  on  the  hoolc,  to  crptn  all  at  once.  She  bad  made  use 
of  the  two  paw  method  in  the  cose  of  Group  I,  m>  thnt  it  was 
but  a  slif;ht  addition  to  ase  the  nose  on  the  hook.  The  reason 
for  the  a»e  of  the  uosc  on  the  hook  came  from  an  earlier  experi- 
ence with  it  when  it  was  the  only  lock  in  use.  In  attempting 
to  open  the  door  on  the  twenty- fourth  trial  of  the  vertical  hook 
series,  this  animal  caught  one  of  her  toes  between  the  door  and 
the  hook.  From  tliat  time  she  adopted  the  nose  method  and 
after  more  than  a  year,  with  no  intervening  trial  she  still  per- 
sisted in  it.  This  seems  like  in  character  to  the  action  of  the 
coon  with  the  badger  as  related  by  Grooa,  and  both  show,  iu 
contrast  to  the  repetition  neccAAary  lo  perfect  the  procedure  in 
SQch  things  as  opening  the  locks,  that  certain  elements  of  be- 
havior, probably  those  that  are  supported  by  strong  iui.tiiictive 
tendencies,  may  be  determined  once  for  all  by  a  single  experi- 
ence. The  same  thing  appears  also  ia  No.  3*5  continued  re- 
sentment of  Ibe  blow  already  referred  to.     {p.  461.) 

Ooe  of  the  most  tntcrcsting  and  illuminating  observations 
whid)  [  have  been  able  lo  make  as  to  the  method  hy  which 
complicated  procedures  arc  perfected  is  tbe  following:  One  of 
the  young  coous.  No.  5.  was  at  work  on  the  bcardown  lever  at 
the  right  end  of  tbe  twx.  It  had  just  been  preceded  by  the 
bolt  at  the  left  of  the  door,  Although  the  bolt  had  been  re- 
moved, leaving  the  front  of  the  box  smooth.  No,  5  still  devoted 
bis  attention  lo  the  place  where  the  bolt  had  previously  been, 
and  nearly  wore  himself  out  trying  to  push  something  from  the 
place  where  nothing  was  present.  The  prcvions  ti.>iSociatiOD 
was  too  strong  to  be  easily  replaced,  In  the  midst  of  his  en- 
deavors, during  which  he  literally  rolled  over  and  over  in  front 
of  the  twx,  he  assumed  the  po^ition  of  standing  on  his  head. 
While  working  in  this  position  his  right  bind  foot  slipped  off 
the  top  right  hand  comer  of  the  Ijox,  and  striking  the  lever 
pressed  it  down  and  o[>ened  the  box.  From  the  fourth  to  the 
eighth  trials  he  would  assume  the  upside-down  position,  and 
work  at  the  door  until  his  foot  slipped  off  the  comer  of  the  box, 
depressed  the  lever  and  so  opened  the  door.  His  attention, 
however,  wasnever  shifted  from  the  Iront  of  the  Ixix.  Finally, 
in  the  midst  of  his  gymnastics,  his  foot  slipped  off  as  usual,  but 
did  not  strike  the  bar  heavily  enough  to  depre.ss  it  and  open 
th«  door,  although  it  remoined  in  contact  with  it.  Distracted 
by  this,  he  tamed  and  using  his  fore  paws  thrust  the  lever 
down  and  opeued  (he  door.  The  next  day  he  was  working 
the  lock  by  slipping  his  foot  from  the  top  of  the  box  to  tbe  liar, 
and  then  turning  about  and  using  his  fore  paws.  Ou  the 
twenty-eiglh  trial  of  the  series,  he  went  directly  to  the  bar  and 
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opcn«d  the  door  by  thraeting  it  down,  bat  he  sttU  sat  dows  ob 
his  hauaches,  placed  his  hiud  foot  on  the  lever,  snd  theo 
assisted  with  the  fore  paw;*.  It  is  fair  to  assume  that  io  comse 
of  time  something  more  easy  than  this  awkward  perfonnatxe 
would  have  taken  its  place. — probably  in  the  end  the  depress- 
ing of  the  lever  with  both  fore  paws,  or  even  the  right  one 
alone;  but  tbe  fiual  steps  in  the  short  drcuitiof^  were  ctit  off  by 
No.  5*6  nntimely  death. 

The  above  seems  lilce  a  case  of  a  stimulus  having  to  beat  otil 
Its  path  over  an  unbiased  trail  in  a  nen'e  wilderness.     It  ts 
typical,  however,  of  much  of  the  learning  of  animals  and  indeed 
in  a  measure  of  all  learning  where  tbe  way  is  not  opened  up  by 
hcrediiury  predisposition  or  expert  ln«traction.     Repetition  of 
imperfectly  adapted   movements  brings  about   3    final    happy 
•cddent.     Many  rehearsals  of  the  activities  leading  op  to  Ibis 
follow.     Continued  practice,  in  ways  not  altogether  clear  at 
yet,  leads  to  the  gradual  elimination  of  tbe  extra  movements; 
the  onessential  parts  of  the  process  are  slooghed  away  and  the 
essential  solidi6ed.     The  steps  by  which  perfectioa  is  rencb«l 
are  very  short  and  blindly  taken,  the  new  habit  arising  by  slight 
ntccosive  modi&calions  of  one  already  in  existence.     Percep- 
tion of  tbe  essential  relations,  if  present  at  all.  isduU  and  stupid 
to  the  hut  degree. 

Restated  from  the  beginning,  it  woald  seem  that  the  smell 
of  tbe  food,  intensified  by  the  complex  mental  activity  of  curi- 
osity, in  some  manner  lets  loose  a  surplus  discharge  of  motor 
activity.  This  sooner  or  later  leads  by  accident  to  an  agreeable 
result  and  a  consequent  empbads  upon  the  nervou!«  tract  then 
in  action.  In  this  particular  case  that  underlying  the  associa- 
tion between  the  portion  with  the  hind  foot  on  the  lever  and 
the  opening  of  the  door.  When  this  position  alone  happens  to 
be  injtufficienl  tbe  fore  paws  are  brought  to  assist  as  the  readi- 
est means  for  that  purpose — ^the  members  most  responsive  to 
any  need  of  that  character.     So  far  our  raccoon  had  gone. ' 

Butk  (8)  enumerates  the  "chief  accessory  lines  of  develop- 
ment that  distinguish  human  movements  as  such,  as:  "(i)  the 
breaking  up  of  old  bilateral  and  simultaneous  tendencies, 
characlerlstic  of  central  movements;  (a)  the  growth  of  iade- 
pendent  movements  of  smaller  parts  that  previonslyonly  moved 
in  conjunction  with  larger  wholes;  (3)  the  co-ordination  of 
various  series  to  form  long  and  complex  sequences  as  we  finally 
find  them  illustrated  by  writing,  sewing,  piano- playing,  etc.  ; 
(4)  the  development  of  precision  and  accurao':  and  finally  (5) 
the  response  of  difierent  movements  to  a  great  variety  of  dlf- 

^On  ibii  general  mBtter  let  the  paper  a(  Df,  Heltxer,  No.  23  of  tbe 
bibliography  at  the  end  of  thl*  paper. 
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iercnt  stimuU."  These  all  seem  to  find  a  ready  illustration  ia 
the  de\'elopment  of  animal  'activity  as  well  as  in  the  child, 
although  in  the  former  case  they  may  be  placed  on  t  somewhat 
lower  level. 

No.  I's  experience  with  Combioatiotts  I  and  II.  fnnilsbes 
material  of  Etmilar  significance.  As  before  stated,  the  locks  of 
the  combination.^  were  not  uniformly  adjusted  as  to  the  force 
nec«s5arylo operate  them  (p.  465).  Reference  to  Tabic  I,  shows 
the  two  chief  sources  of  enor,  and  the  average  number  of 
errors  per  trial,  In  groupH  of  ten.  Thus  4.6  is  the  average 
number  of  errors  in  order,  made  in  the  first  ten  trials  on  Com- 
biuBtioQ  I,  and  8.5  is  the  average  number  of  errors  of  force  ap- 
plied in  the  first  ten  trials  on  Combination  I.  Lines  3  and  4 
givesimilar  results  for  Combitiadon  I.afterapcriodof286days, 
with  no  intervening  trial.  Lines  5  and  6  give  result:*  for  Com- 
bination II,  as  lines  i  and  2  give  them  for  Combiiiatton  I.  The 
table  seems  to  show  that  the  memory  of  the  order  ts  more 
readily  perfected.  th»u  that  of  the  muscular  adjustment  re- 
ijuircd  for  each  particular  locking  device.  It  would  seem  as 
though  the  order  was  something  that  could  become  definitely 
fixed  while  the  musculnr  adjustment  could  proceed  only  to  the 
point  of  pulliug  till  something  gave  way.  The  reduction  of 
errors  in  order  in,  perhaps,  more  uniform  and  less  erratic,  than 
thatof  errors  of  applied  force. 

Tablx  I. 

Ktlalivt  proforliont  0/  trrort  in  erdtr  and  errvn  tm  fortt  in 
working  lAf  tomAination  loeJti. 
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Errors  In  order. 
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Errors  Id  order. 
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S-5 
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6 
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34.2 
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5.0 

3.0 
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0.4 
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It  is  highly  significant  that  the  order  was  a  constant  quan- 
tity throughout  the  entire  scries  of  trials  with  each  combina- 
tion, while  the  force  necessary  to  move  any  individual  part  of 
the  combination  was  never  quite  the  same.  Proper  co-ordina- 
tion and  development  of  precision  and  accuracy  finally  appear, 
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however,  so  that  once  the  proper  conditions  are  Riven,  for  the 
starting  of  a  scries  of  movemcDts,  they  thcD  follow  with  doe 
force  as  well  as  in  proper  sequence. 

In  this  connection  No.  I's  method  of  working:  the  plnj^  is 
also  interesting.  When  the  plug  was  first  given,  the  method 
was  to  stand  ou  the  top  of  the  box  and  pull  out  the  plug  with 
the  teeth.  The  paws  were  often  used  to  nssist  while  in  thil 
position.  Afler  the  first  ten  trials,  she  discovered  that  she 
could  stand  in  front  of  the  box  and  reach  up  and  pall  the  plug 
out  with  her  teeth.  A  few  more  trials  changed  the  method  to 
standinK  in  front  of  the  box  and  reaching  up  behind  the  iiluj; 
and  jerking  it  out  with  the  left  paw.  After  this  final  method 
became  settled,  the  animal  used  to  come  to  the  front  of  the  box 
sit  tip  and  place  her  paw  behind  the  ping,  look  around  in  a 
seemingly  careless  fashion  and  jerk  the  plug  out  without  giv- 
ing any  special  attention  to  the  process.  It  was  almost  aj  if 
she  wonld  think  the  device  too  easy  to  need  anything  more 
than  a  passing  notice.  Some  such  explanation  may  be  plausi- 
ble for  different  chamctent  present  in  the  learning  curves,  yet 
to  be  considered. 

Cole  (to)  found  with  his  raccoons,  contrary  to  Thomdike's 
experience  with  thecals,  that  the  animals  never  began  work  at 
parts  of  the  box  where  fasleuings  had  previously  been,  but 
went  at  once  to  the  place  of  the  fastening  then  in  use.  The 
raccoons  "did  not  paw  at  the  place  where  the  loop  had 
been  nor  did  they  claw  at  the  loop  or  button  when  the  door 
was  open.  I  tried  moving  the  loop  from  place  to  place  in  the 
boxes.  Not  once  even  did  they  claw  where  it  had  been;  instead 
they  attacked  it  at  the  new  place  with  one  direct  raovcmeut." 
The  trials  of  my  coon  No.  5  with  the  bcar.down  lever,  during 
which  he  worked  with  so  much  energy  at  the  place  where  the 
boll  had  been,  as  described  abox-c.  point  inexactly  theopposite 
way  and  lead  me  to  think  that  Cole's  results  must  be  excep- 
tional. 

My  No.  3,  an  old  coon,  the  mother  of  No.  5.  also  behaved 
in  a  way  to  lead  to  a  similar  conclusion.  After  she  had  pushed 
back  the  vertical  hook  and  the  door  had  sprung  open,  she  used 
to  sit  in  front  of  the  box,  pull  on  the  hook  and  then  look  in- 
side to  see  if  there  was  any  more  food.  It  was  rather  bu 
ous  to  see  her  repeat  this  performance  again  and  again.  I^i 
she  dropped  it  and  has  never  shown  a  like  tendency  since. 
Whether  she  gave  evidence  here  of  a  perception  of  simple  re- 
lations, as  "this  hook  gives  food,"  which  later  chanf;ed  to 
"this  hook  and  hole  do  not  give  food,"  may  be  open  to  ques- 
tion. When,  however,  the  door  was  fastened  and  food  placed 
inside,  she  never  refused  to  work  this  lock.  The  above  does 
not  seem  to  differ  much  from  the  habits  of  the  wild.    The  ani- 
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mal  certainly  senses  certaio  conditions  as  Indicative  of  food, 
and  certain  other  as  indicative  of  no  food.  The  resulting  asso- 
cintions  persist  and  strengthen  themselves  in  the  first  ca.se. 
The  latter  cease  to  stimulate. 

Old  coons  soon  discover  the  difference  in  pulling  at  tbe  long 
or  the  short  arm  of  a  lever,  as  in  the  button,  while  the  voting 
coon  will  work  indifferently  on  the  long  or  the  short  arm  just 
as  it  happens  to  attack  the  device.  It  seems,  sometimes,  as  if 
there  were  a  kind  of  intellierent  husbanding  of  energy,  which 
shows  itself  with  age.  The  tremendous  output  of  energy  in 
youth  may  be  necessary  to  proper  growth  and  the  acquisition 
of  experience,  and  possibly  its  numerous  errors  are  thus  inti- 
mately connected  with  the  learning  process. 

In  Ibe  working  of  Combination  I.  Raccoon  No.  i  reached 
the  arbitrary  standard  of  ten  perfect  performances  in  trials 
ninety-eight  to  one  hundred  and  seven.  In  the  case  of  Com- 
bination II.  the  standard  was  reached  in  trials  one  hundred 
and  twenty-five  to  one  hundred  and  thirty-four.  Since  the  first 
learning  of  the  order,  .-^ome  variation  has  occurred  in  the  ani- 
tnal's  working  of  tbe  locks  in  Combination  I,  all.  however,  in 
the  direction  of  economy,  Tbe  bear-down  lever  is  now  often 
opened  by  stepping  on  it  with  the  hind  foot  as  the  animal 
mounts  to  the  top  of  the  box  for  the  plug,  and  the  button  and 
hook  on  the  front  are  usually  opened  by  one  movement  of  the 
right  paw.  This  activity  is  similar  in  character  to  that  of  No. 
5  already  described  on  p.  467.  No.  i  is  shown  in  the  act  of 
doing  this  very  thing  in  Fig.  9,  Plate  11.  Tbe  tendency  to 
"short  circuit"  is  clear  again  in  this  instance. 

In  tbe  tests  with  the  combination  locks  an  opportunity 
occurred  for  noticing  the  persistence  of  certain  impres:iions  and 
tbe  signal  importance  of  making  no  false  steps  in  training.  In 
the  first  fifteen  trials  on  Combination  I.  the  number  of  errors 
was  comparatively  few.  During  the  next  three  trials,  it  was 
discovered,  that  while  the  combination  was  a  perfect  working 
mechanism  if  worked  forward,  an  accidental  reversal  of  the 
first  element,  the  bear-down  lever,  would  lock  the  l>i>x  again. 
The  animal  did  this  ver>'  thing  once,  and  after  the  device  had 
been  so  arranged  as  to  make  its  repetition  impossible,  more 
than  fifty  trials  were  necessar>'  to  bring  the  errors  down  again 
to  the  level  of  the  first  fifteen  trials.  "Fogging"  an  animal  in 
this  manner  while  under  training  will  obviously  play  havoc 
with  figures  and  render  the  results  difficult  of  interpretation. 
Combination  II  had  as  one  of  its  elements  what  is  known  at 
the  hardware  dealers  as  an  inside-blind  catch,  with  which  the 
raccoon  had  had  no  previous  experience.  It  proved,  however. 
DO  more  difficult  than  other  parts  of  tbe  combination.  The 
anioial  seems  to  have  attained  to  a  sort  of  generalized  behavior 
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with  regard  to  fa^tcmugs  which  made  small  differences  of  little 
cOQ-wqueuce. 

After  ihc  two  combinations  had  been  learned  perfrctlj',  tbe 
raccoon  would  work  them  indiSerently.  If  she  were  given  n« 
or  two  trittb  on  Combination  I  »nd  then  it  was  replaced  hy 
Combination  11,  tbe  animal  never  made  the  mistake  of  begio- 
uinK  on  either  apparatus  as  If  it  were  tbe  other.  In  view  o( 
the  fnct  that  the  two  combinaiion  boxes  were  not  exoctlytrf 
tbe  same  dimensions,  and  dtSercd  somewhat  in  color,  there  i> 
little  doubt  that  this  diUcrence  NufBccd  to  touch  off  in  each  caw 
through  the  association  centres  the  proper  order  aod  relatioD 
of  iao%*emen(s  for  the  particular  combination  presented. 

Tbe  animal  tends  strongly  to  approach  tbe  boxes  from  one 
direction  only.  If  this  aventie  of  approach  is  blockcrd  up.  ■ 
new  adjii.Mment  to  the  new  condition  wilt,  of  course,  take 
place,  but  the  old  fastening  from  a  new  side  presents  about  tbe 
same  difficulty  as  a  new  fastening. 

Time  Required  For   Working  (he  Several  Deviets. 

The  <iKure.iin  Table  II  are  typical  of  results  ubtaioed  by 
this  method  of  work  with  Raccoon  No.  i.  Tbe  figures  are  the 
times  iu  seconds  for  tbe  forty  trials  on  each  of  thincen 
simple  locking  devi«s  and  the  two  Groups.  Similar  table*  ibr 
the  other  animals  have  been  prepared  but  as  tbey  would  pre- 
sent no  significant  varlationK  other  than  those  that  will  Ix 
mentioned  as  the  exposition  proceeds,  tt  has  been  tbonght  best 
Dut  to  publish  Ihem.  The  locks  in  the  case  of  this  autmal 
were  learned  in  the  order  here  given. 

The  large  figure  I's  mark  tbe  record  of  the  trial  In  which 
the  animal  worked  the  lock  in  one  secood  for  tbe  first  time. 
The  medium  figure  I's  mark  the  record  of  the  first  trial  in 
which  the  standard  of  one  second  was  permanently  reached. 

The  Learning  Citrves.  In  order  to  give  a  graphic  repre- 
sentation of  the  nature  of  the  learning  process,  as  shown  in 
the  animal's  experience  with  the  locks,  the  following  method 
was  adopted,  for  which  the  writer  is  indebted  to  the  kindly 
aw<ijit«nce  of  Prof.  W.  E.  Story,  of  the  Mathematical  Depart- 
ment of  Clark  University,  First,  all  trials  aSected  by  known 
sources  of  error  were  eliminated  from  each  series.  Then,  since 
(he  working  of  the  lock  in  one  second  had  been  determined 
upon  as  the  standard  of  perfection,  tbe  number  of  trials  neces- 
sary to  attain  this  standard  permanently  was  determined. 
Each  series  naturally  gave  a  different  number.  Reference  to 
Table  II,  for  instance,  shows  that  iu  the  series  for  the  bolt  the 
standard  was  reached  on  the  .seventeenth  trial,  while  in  the 
case  of  the  horizontal  book,  the  standard  was  reached  on 
the  fourth  trial.     The  times  of  the  trials  were  then  plotted  as 
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a«d  tbe  Baofas  a£  txnli  fr«:  ' 
witk  the  lock  tm  tfac  itudixd  WM  : 
naar  eqtndiaUDt  poiMs  bdag  t^cs  &' 

•s  tbeie  vcn  trius  neccMBiy  to  fcfloi  .  .  - 
At  case  of  the  boK  atstioacd  sboTc.  tfac  whole  base  '.■••■r 
would  be  Prided  taio  afarteea  eyil  istenrals,  £i\'iaK  vriib  luc 
pais!  of  origiB  serciiteeo  points,  vhSe  io  tfa«  case  of  the  faon- 
aootsl  book,  it  woeld  be  divided  into  tfare«  c«}iial  iDterrils, 
fiTiag  foar  potDi&  Proceeding  ta  tbts  Bkuiner.  tc  wm*  poarible 
to  lopciinpoee  gnphkalljr  tbe  cnnrcs  for  sll  ibe  trisls  of  aa 
■atmal  oo  all  tbe  lodL^  Tbe  avenge  of  all  tbe  times  of  the 
MpoinpoKd  caret*,  far  any  wtsle  ocdmaie,  tbcrefore.  dcUr- 
Bnaed  a  poiot  in  a  geotr^iwd  carre  of  learning  wbtcb.  as  a 
wbole.  rqireseats  eacft  antmal's  experience  irith  all  the  lock*. 
Several  of  tbe  cnrvea  tbns  obtauied  are  ^i-cti  iu  Plate  L 
Fig*.  1-5  »rc  the  carves  rtspeetivel^  ofiaccooos  No.  3.  5,  4.  i, 
aod  3.  Xo  explaoatioo  has  jeibeiaLCDBod  tot  the  elevstiooa 
ia  conre  No.  4  at  interrato  tbrce  and  six, 

Tbe  carves,  vrith  perhaps  tbe  exception  of  tbe  first,  have 
tbe  nsnal  fonn  of  the  learning  carre.  Tbe>*  a^rec  in  sbowiof 
at  fir>t  a  more  or  k»  rapid  falling  off  in  tbe  tune  required  to 
vrorlc  the  digerent  devices,  foUowed  by  a  gradually  decreasing 
rate  of  progress  as  perfectioo  is  neated.  The  curves,  however, 
bll  loto  three  groups  of  sooevfaat  difiiereDt  types  represented 
by  Figs.  I  and  5:  2  end  3:  and  4  respeciit-ely.  Compariog 
Figs,  a  and  3,  with  Figs.  i.  4,  and  5.  it  appears  that  tbe  yoong 
annnal  teams  more  rapidly  at  first,  baviag  perhaps  more  to 
Icam  than  tbe  old,  as  »bo«rn  by  tbe  sodden  and  long  fall  io 
tbcir  carves.  Figs.  2  and  3.  vrhile  tbe  old  aoimal  profits  more  ! 
ex-idently  by  experience,  as  shoaro  by  tbe  aniformly  low  level 
of  the  carves  in  Fig*,  i.  4  and  5  after  about  tbe  eighteenth  or 
twentieth  interval.  Tbe  continued  nnevenoe^  of  tbe  carves 
for  tbe  young  animals  is  ondoobtedly  due  to  the  fact  that  tbeir  ' 
learning  is  accompanied  by  fambling  and  distraction  of  atten- 
tion for  a  long  time.  The  variation  between  Figs.  3  and  3 
may  be  due  to  the  fact  that  Fig.  3  represents  the  trials  of  an 
animal  that  is  partially  or  totally  Uiud.  and  tbns  is  coiopcllcd 
to  rely  more  definitely  on  loach  aad  smell,  and  so  Iomcs  the 
directness  attendant  on  sight.  Figs,  i  and  5,  with  their  pecu- 
liar rise  at  about  tbe  twelfth  interval,  do  not  readily  Icud  them- 
selves to  interpretation.  This  is  especially  true  in  view  of  Pig. 
7  which  represents  tbe  combined  trials  of  tbe  above  four ' 
antmnU  on  one  locking  device.  ThLt  device  was  not  the  first 
one  given,  bat  one  cbo«en  after  each  animal  had  bad  tcome  ex- 
perience with  locks.  This  particular  curve  represents  the  tests 
on  the  vertical  K^^te  book.  It  is  tj-ptcal.  I  think,  when  all 
tfalngs  are  taken  into  coasideratioa.     It  presents,  however,  tbe 
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above  meniloned  peculiarities  of  Figs,  i  and  5.  bot  has  Ibe 
same  gcDcral  character  as  all  the  curves.  These  liaes  tnij 
iDeaii  that  aAer  the  firsit  period  of  learning;  Uiere  is  «  short 
period  of  forgetting,  or  of  inattention  and  indifferent  efioit. 
Familiarity  with  a  given  locking  device  would  in  such  a  cut 
enter  a.*  a  factor  to  incretiae  the  time.  I  have  already  described 
something  of  this  sort  in  the  trials  of  No.  i  on  the  plug  (p.  470). 
We  may  have  here  perhaps  the  analogue  of  the  "plateaus" 
which  have  received  attention  in  the  learning  curves  of  butnas 
subjects.  A  comparison  of  Figs,  t,  5.  and  4  woald  seem  to 
indicate  that  there  may  be  a  temperamental  factor  in  these 
elevations.  The  animals  whose  trials  are  represented  by  Figs. 
I  and  5  are  slower  in  all  their  activities  than  the  animal  whose 
trials  are  repre.tented  by  Fig.  4. 

Fig,  6  is  interesting  by  way  of  coapftrison.  This  represents 
the  »erie3i  of  thirty  trials  each  on  nine  simple  locking  devices 
ased  by  Kinnaman  in  his  experiments  with  the  monkeyv 
which  u-ere  similar  to  those  nscd  by  me  with  the  raccoons 
under  very  nearly  the  same  conditions.  The  figures  arc  Inkeo 
from  hb  tabic  and  plotted  on  the  same  plan  as  the  cun'es 
already  considered  for  the  raccoons.  The  general  character  of 
the  curves  is  evidently  the  same  for  both  onimals.  The  valne 
of  the  first  experience  seems,  however,  a  little  more  evident  ia 
the  case  of  the  monkeys  as  shown  by  the  steep  dt:scent  of  the 
curve  Indeed,  the  monkeys  would  seem  to  be  a  little  leti 
clever  at  the  start.  Elevations  like  those  in  Figs,  i  and  3  are 
to  be  noticed,  but  farther  apart,  falling  on  inlen-als  eight  and 
eighteen.  The  irreguUrity  of  the  curve  would  suggest  that 
the  raccoon  is  less  open  to  distraction  than  the  monkey;  and 
this  might  Ix  considered  by  some  as  cviilence  of  a  lower  level 
of  intelligence  on  the  ground  that  the  coon  works  mechanically, 
but  the  opposite  position  might  just  as  well  be  taken  on  the 
ground  that  the  cnrve  shows  greater  power  of  concentrated 
attention  which  is  evidence  of  higher  intelligence.  My  own 
position  is  one  of  uncertainty,  since  I  have  never  had  an  oppor- 
tunity to  make  genera]  observations  of  the  monkey's  activities. 
These  diSerenccs  may  also  be  of  a  temperamental  character. 
It  would  seem  ei-ident  ou  the  lace  of  the  curves  alone  that  the 
two  animals  stand  fairly  close  together  In  the  matter  of  lean- 
ing to  undo  locking  devices. 

Combination.'i  I  and  II  were  given  to  boys  and  girls  to  learn 
and  tbc  results  of  the  trials  were  plotted  on  the  same  plan  as 
the  curves  given  above.  Although  the  number  of  triala  tiece*> 
sary  to  attain  the  standard  fell  in.<ude  of  thirty,  yet  the  charac- 
ter of  the  curve  is  the  same  as  in  the  case  of  the  animal. 

The  curves  and  the  observations  which  they  rest  tipon  seem 
to  justify  the  following  general  conclusions: 
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I.  The  learning  curve  for  the  raccoon  follows  doselj- the 
type  of  those  found  for  other  higher  animals  and  for  tnaa. 

3.  The  variations  of  method  which  appear  in  ihe  animal'* 
vorking  of  the  locks  and  lead  up  finally  to  a  permanent  method 
»eem  to  be  simply  the  tendency  to  the  formation  of  a  "short 
circuit"  by  the  elimination  of  nseles)*  movements,  the  penna- 
neut  method  bciiiR  the  shortest  circuit  for  the  raccoon. 

3.  There  appears  to  t>e  an  increa.iinK  husbanding  of  energy, 
and  profit  by  experience  with  increasing  age. 

4.  There  is  an  evident  ability  to  respond  to  smalt  differences 
in  complex  relations.  How  far  the  perception  of  ituch  relations 
really  enters  is,  however,  for  the  present  in  doubt, 

EXPBKIUBNTS  DPON  ASSOCIATION  AND  MRMOKT, 

No  one  who  has  had  to  do  with  animals  doubtsthat  they  remem- 
ber, but  the  question  ax  to  the  nature  of  the  memorial  processes 
is  quite  another  matter.  We  have  good  reason  to  believe  that 
the  life  of  the  animal  lies  vcr>'  largely  in  the  Geld  of  sense  ex* 
pcrieucc  am!  an  apparent  recognition  of  relations  may  in  any 
case  prove  to  be  nothing  more  than  a  reinstatement  of  the  con- 
dition«  nnder  which  the  first  association  was  formed. 

During  the  tests  with  the  raccoons  on  the  simple  locks,  vary- 
ing intervals  of  lime  broke  the  .•series  of  forty  trials  for  each 
into  groups  of  a  less  number.  This  was  necessitated  by  Ihe 
failing  inieresl  of  the  animal,  bnt  was  readily  accepted  by  the 
experimenter  from  a  desire  to  discover  if  there  was  any  well 
defined  recollection  from  one  period  to  another  of  the  work 
done.  It  was  soon  evident.  a.s  had  been  expected,  that  the  ani- 
mal carried  over  from  period  to  period  some  sort  of  an  associa- 
tion, which  resntted  in  a  rvdnclion  of  the  lime  consumed  in  the 
working  of  the  lock.  It  was  then  decided  to  give  a  crucial  test 
to  coon  No.  t  using  Combination  I  as  the  apparatus.  The  ani- 
mal had  been  given  preliminary  trials  with  Combination  II  for 
a  period  of  nine  days,  the  intervals  var)'ing  from  seventeen  to 
thirty -se^-en  hours. 

The  results  of  these  trials  showed  that  nicmor>'  is  perfect  for 
sHch  short  periods.  The  tests  with  Combination  I  extended 
over  a  pericHl  of  353  days,  and  the  intcri-als  varied  from  nine 
hours  to  386  days,  the  latter  period  including  the  time  of  hibcr- 
oatioD.  The  severity  of  the  test  is  evident.  Where  the  inter- 
val WAS  short  Ihe  memory  was  perfect.  At  the  end  of  the  long 
period  there  was  a  repetition  of  a  series  of  trials  »milar  in 
character  to  those  made  when  the  box  wn.t  presented  for  the 
first  time  more  than  a  year  before.  Only  34  trials  were 
necessary  to  attain  the  perfect  standard  which  had  previously 
required  107  trials,  and  the  times  of  these  34  trials  were  much 
shorter  than  the  first  34  trials  of  the  107  trial  series.    It  is  thus 
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clear  that  while  complex  associations  Upse  •omew! 
lotii;  iiilerval  in  which  the  origins)  conditions  are 
there  is  yet  retained  a  preity  fair  kaowledt(e  of  what 
first  presented.  lu  tbecascof  simple  locking  devices,  hotre 
after  an  interval  of  more  than  a  year,  with  do  iatervd 
trial,  diSerent  animals  attack  the  lock  with  aboat  tbe 
ticcuracy,  and  with  no  ^eater  variation  in  tbe  time  consai 
than  wonld  appear  in  saccessive  trials  at  the  eod  of  as  orig 
series  iu  which  the  time  had  been  reduced  to  its  lowest  U' 
Simple  aiwodations  would  seem  then  to  be  quickly  aud  per 
neatly  fixed. 

It  i»  extremely  ea.>iy  to  underestimate  the  difference  in  » 
ciativc  responses  that  may  follow  the  change   in   a   single 
meut  of  the  situation  presented   to  the  animal.      Animal 
6,  which  manifested  such  feai  and  obstinacy  when  tbe  ke 
carried  a  certain  stick,  never  seems  to  associate   blows  I 
the  slick  with  the  keeper  himself.    Nos.  3  and  8,    which 
always  shut   up   at   night   iu  a  small  cage   by    thcmsel 
bad  to  be  driven   in   at  the  first  with  blows   from    a 
Now  the  association  has  been  transferred  to  a  mere  moven 
of  tbe  box.  at  which  signal  they  spring  to  the  door  and  cla 
open.  No  relation  exists  for  them  between  keeper  and  box 
til  the  box  has  first  bi:ea  moved  frooi  the  wall. 

A  study  of  the  numljcr  of  errors  made  in  leamin]);  Combl 
tion  I.  brought  oat  a  tcudcncy  which  had  not  shown  itself 
fore.  If  the  animal  left  oSa  series  of  trialswith  ft  certain  ni 
her  of  errors,  and  the  intervening  period  was  short,  it  wc 
in  the  majority  of  cases  begin  the  next  scries  of  tests  with  a 
number  of  errors  than  It  was  making  at  the  end  of  tbe  pm 
ing  series.  Two  factors  may  have  contributed  to  this 
I.  An  unconscious  elimination  of  errors  during  the  interva 
no  practice;  2.  A  positive  development  of  the  right  ori 
the  I,  a,  3.  4.  thrusting  itself  into  the  foreground  until  at 
it  K!>it>«d  the  ascciidtnicy. 

The  raccoon  seems  to  give  a  high  grade  of  attention  to 
work  in  hand.  This  is  of  importance  in  the  development  of 
associations  and  their  permanence.  Perfection  of  the  ordet 
manipulation  seems  to  come  suddenly  at  last  in  spite  of  «■ 
we  know  from  the  curves  and  otherwise  of  the  frameworl 
associations  which  has  been  slowly  set  up  in  the  midst  of  h 
continued  and  apparently  aimless  fumbling. 

EXPHRIMKNTS  ON   COLOR    PKRCRPTI0». 

There  is  excellent  experimental  evidence  that  monkeys 
discnminatc  colors  as  snch.  With  raccoons  the  only  cx\ 
meuts  as  yet  reportedare  tboscof  Cole  (10),  which  he  bit 
regards  as  inconclusive   upon   this  point.     Tbe  expenm< 
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about  to  be  described  seem  to  me  to  indicate  with  a  good  deal 
of  probability  that  the  mccoon  cannot  dixcriminate  colors  as 
such,  but  depends  ou  differences  in  brightucss  atone.  His 
color  Uiudnesa  will  perhaps  seem  less  remarkable  when  it  is 
recalled  tbnt  the  raccoon  is  the  most  nocturnal  of  all  our  mam- 
mals save  the  bats  and  flying  squirrels,  and  that  the  work  of 
Schultze  and  Ramon  y  Cajal  has  shown  the  retinas  of  uoclurual 
animals  in  general  to  be  deficient  in  the  retinal  cones  which 
seem  to  be  essential  for  color  vision.' 

Apparahit.  i.  A  board  i'  x  lo'  x  48',  had  .-tix  holes  buied 
on  its  centre  line,  6"  apart.  Six  cylindrical  tin  cans,  of  uni- 
form height  and  diameter.  4*  x  3^',  were  fitted  with  plugs  on 
the  bottom,  made  to  fit  the  holes  in  the  base  board,  and  thns 
prevent  their  being  overturned.  These  cans  were  covered  with 
Millou  Bradley  papers.  Four  were  covered  with  the  stand- 
ard  colors,  red,  blue,  yellow,  and  green,  the  other  two  with 
neutral  ^ray  Xo.  1 ,  and  green  gray  No.  2. 

3,  Tlic  second  piece  of  apparatus  accomplished  the  same 
purpose  as  the  first,  by  the  use  of  six  vertical  slides,  6"  x  3", 
with  an  opening  2"  x  I'/i' .  cut  at  a  uniform  height  from  the 
base.  These  slides  could  be  set  in  guides,  in  front  of  separate 
compartments  2>i"  x  a>5"x6".  The  guides  separated  the 
slides  about  2"  from  each  other.  One  set  of  slides  was  covered 
with  the  same  papers  as  the  cans  of  the  first  apparatus.  A 
second  set  was  covered  with  Hering's  graded  grays.  This 
apparatus  did  not  allow  the  animal  to  look  into  the  container 
in  which  the  food  was  phtced. 

The  Milton  Bradley  papers  were  tested  for  brightness  in  a 
darkened  room  on  a  color  mixer,  using  discs  of  black  velvet 
and  white  cardboard  n-s  standard  black  and  white,  These  deter- 
minatiorui  gave  the  approximate  brightness  value  of  red  in 
terms  of  the  white  cardboard  as  14'*;  green  gray  No.  2,  70°; 
blue,   a3*;neut.  gray  No.  i,  140°;  green.  167.5":  yellow.  240'. 

The  Hcriug  grays  of  apparatus  No.  2  were  matched  for 
brightness  with  the  same  apparatus  as  used  above,  but  in  dif- 
fused daylight.  The  black  was  given  an  approximate  correction 
by  use  of  Kirschmann's  correction  factor  (  Wundt's  Phil.  Stud.. 
Vol.  5,  p.  300),  These  corrected  numbers  gave  the  scries  of 
approximate  brightness  values  for  the  grays  as  14.5°,  tS^,  70°, 
105.5".  '79-3°.  ^^  360'  respectively. 

Melkod  of  Work.  The  two  pieces  of  apparatus  were  used 
indifferently.  The  food  was  placed  under  one  color,  and  when 
this  color  was  moved  to  a  new  position,  every  other  color  was 
given  a  new  position  also.     AH  changes  in  the  apparatus  were 

■  Cf.  alK>  Parinaait  (17)  La  Motiibiliie  dc  I'cell  ans  coulcnr*  «pec- 
traU.  The  eye  o{  the  raccoon  sIro  aKrcciiwilti  the  rMulttof  Slotiakcr 
(31)  for  oiber  mamDials  t>elow  the  primate*  in  iu  lack  of  a  fovea. 
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made  ont  of  sight  of  the  animal.  When  the  appazatni  nu 
Kt,  it  vaa  so  placed  as  to  give  the  animal  abont  Uiree  feet  of 
free  space  for  approach.  In  this  fleriea  of  testa  the  trials  woe 
made  also  under  widely  varying  coaditions  of  illtuninatkn, 
viz. ,  morning,  afternoon,  twilight,  doady  days,  and  at  nigkt 
by  lamp  tight.  The  sense  of  smell  was  fogged  by  stroof 
essences,  essential  oils,  and  other  means  used  by  trappen  to 
disguise  the  trail, 

Restills  of  Ej^erirnents  in  Cobr  Perception. 

Of  the  several  thousand  tests  made  on  diffierent  ""J""'*,  I 
have  given  in  Tables  III,  IV,  and  V,  a  series  of  tests  covering 
color  experiments  with  two  animals,  and  brightness  with  one, 
coonsNos.  landa.  TheresnltsinTablesIVand  Vweicobtained 
from  the  same  animal,  coon  No.  3.  Bach  vertical  colunui 
gives  the  number  of  times  in  thirty  trials  in  which  the  animal 
went  directly  and  without  heatation  to  the  color  namaj.  Far 
further  abbreviation,  gray  ia  Table  V  represents  the  sum  of  all 
the  choices  of  brightnesses  other  than  black.  These  tables  are, 
I  think,  characteristic  of  all  results  obtained  by  farther  tests 
on  the  same  or  different  animals.  They  show  nothing  more 
tb&u  a  qualitative  tendency.  Xo  tests  involviag  Weber's  law 
have  yet  been  made. 

Tabii^b  III. 


Food  IB  Green. 

Red. 

It 

7  9 

5 

7   6 

6 

3   a!  3'  7 

z 

4 

9 

8 

7 

»7 

Blue. 

3 

II  a 

6 

0   9 

4 

9   5II0   8 

4 

.■J 

6 

6 

% 

4 

I 

Gr.  Gray  No.  2. 

b 

I.  .1 

3 

J|  7 

8j  4   2|  4.  4 

5 

H 

.1 

1 

2 

1 

7 

Neut.  Gray  No.  I. 

3 

6  7 

31*;  4 

4!  6   5'  3    ' 

6 

0 

I 

2 

4 

S 

4 

Yellow. 

a 

",  ' 

10    3    0 

I 

I  8;  I.  4  5 

6 

4 

s 

A 

1 

T 

Green. 

6 

6'  3 

414    4 

7 

7,  8!  9;  5|  8 

7 

5 

6 

6 

T3 

7 

Table  IV. 
Food  in  Red. 


Red. 

7   9'  5 

7 

ii'i^'ii 

7 '4 

7 

7 

8 

6 

>i 

[0 

lajig 

IS 

Blue. 

2    I.  4 

4 

.11  t. 

a 

b 

a 

a 

.1 

.■i 

» 

0 

7 

6l  I 

0 

Gr.  Gray  No.  2. 

s   5!  » 

4 

0'  I 

1 

4 

.■i 

3 

1 

I 

1 

•i 

<) 

7 

I 

I 

Neui.  Gray  No.  t. 

8  4;  4 

b 

710 

<> 

7 

a 

a 

7 

9 

a 

3 

3 

9 

1I 

f, 

Yellow. 

367 

.^ 

71  3 

3 

a 

7 

9 

6 

4 

6 

1 

I 

I 

4 

■% 

Greeu. 

8|  5I  6|  4 

II  a 

1 

3 

4 

a 

U 

6 

3 

3 

7 

I 

a 

I 

5 

TablB  V. 
Food  in  Stack. 


Black. 
Gray. 


3313 
7;i7 


3a{i4 
8116 


aoio 


'7 

13I1Q 


a6 

lol  4 


ag 

t 
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Where  color  and  brightness  enter  as  slmnltaneona  factors  in 
a  series  of  tests  as  in  Tables  III  and  IV  some  confusion  results. 
A  comparison  of  the  results  from  all  the  tests  on  color  and 
brightness,  in  percentages  (Tables  VI  and  VII).  shows  a  de- 
cided variation  in  favor  of  brightness.  These  tables  summa- 
rize iitl  the  color  and  brightness  experiments  thus  far  m^de. 
It  will  be  recalled,  of  course,  that  in  the  experiments  with  the 
briglitucss  and  also  with  the  colors  the  animal  should  have 
chosen  rightiy  by  mere  chance  in  about  17%  of  the  trials. 
That  coon  No.  2  did  better  than  this  is  prolwbly  due  to  bright- 
ness discrimination. 

Taiilb  VI. 
Sioanug  Ptretnlagr  Ctoitet  o/Coicn. 


P 


Cooo  No.  I. 
Coon  No.  «. 
Coon  No.  }. 
Coou  No.  5. 


No.  Tens. 


960 

loao 

600 

450 


Right 
Choice*. 


40.7 
16.5 


tJppCT 

Limit. 


36% 


LowM- 
Limit. 


13.5% 


tabub  vn. 

SHawimg  Pertentage  CkoUei  0/  Brighlnets. 


CoobHo.  |. 
OoobHo.  t. 
Coon  No.  3. 
Coon  No.  5. 


No.  Te«l». 


600 

410 
360 


Ri?hl 
Choices. 


59-7% 
39  7% 


Upper 
Limit. 


90-3% 

93-3% 
90% 


Lower 
Limit. 


30% 


Profiting  by  the  experience  in  discrimination  of  brightnen 
when  associated  with  color,  the  animals  attain  as  shown  in 
Table  VII,  a  hish  level  of  discrimiiution  when  brightness 
alone  is  present. 

Cole's  experiments  seem  to  confirm  the  results  here  recorded. 
His  black-white  te^ts  give  values  superior  to  those  labuiaied 
by  me,  he  having  obtaine*)  as  high  a.s  100%  in  a  fifty  trial  scries. 
He  displayed  his  lest-colors  pairwise,  however,  thus  offering  hut 
two  imvstble  chotcts,  while  in  my  experiments  the  number  of 
possible  choices  was  greatly  increased  in  that  all  six  slides 
were  exposed  simultaneously.  Thus  if  the  tendency  to  dis- 
criminate should  appear  in  (he  case  of  the  six  exposures,  it 
must  thrust  itself  up  tbroagh  a  comparatively  thick  stratum  of 
disturbing  elements.  In  the  case  of  the  red-green  tests  one  of 
Cole's  animals  made  as  high  as  9i>i%  of  right  choices,  and 
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another  9$}i%.  He  found,  hone%-er,  iii  this  case  as  well  as  in 
that  of  the  blue-yellow  disciimination,  that  many  more  trials 
were  necessary-  to  attaiu  successful  discrimination  tliaii  were 
Dccessary  for  a  like  diHcriminatton  of  black-white. 

A  comparison  of  the  Milton  Bradley  papers,  used  by  Cole 
as  well  as  by  myself,  according  to  the  approximate  deteroiiaa- 
tioo  of  brightness  given  on  p.  479,  shows  a  brightness  diSer- 
ence  for  blue-yellow,  of  158";  rfrd-greea,  153.5°;  black-white, 
345.53";  blftck-ycllow,  835.53°;  black-blue,  67.52°;  black- 
greeu.  153.03°.  My  own  experiments  show  that  in  a  rough 
n-ay  the  raccoon  can  di^rimiuate  a  diSercnce  of  four  degrees, 
and  since  all  Cole's  tests  save  one  lie  far  outside  tbisdiSerence, 
I  feel  that  bis  results  give  stronger  confirmation  of  brightness 
discrimination  thau  of  color  diitcrlmiuation.  Undoubtedly  the 
raccoon  can  be  taaght  to  make  what  seem  to  be  color  discrim- 
inations, but  it  will  really  be  a  discrimi nation  of  brightness 
difference,  which  discrimination  is  essential  to  his  wild  life. 
He  hardly  needs  color  discrimination,  since  in  the  darkness  of 
the  night  all  colors  fade  to  graded  grays. 

Imitation. 

When  we  approach  the  Mudy  of  Imitation  In  animal  life  we 
enter  upon  a  field  of  controversy  and  of  clashing  dc6uitions. 
It  is  necessary,  therefore,  that  I  state  explicitly  what   I   am 
going  to  mean  by  the  word  in  the  section  that  follows.  I  begia 
by  excluding  at  the  outset,  all  very  accurate  and  nicely  ad- 
justed co-ordinate  movements  which  bear  the  marks  of  iaheriled 
motor  responses.     If  one  of  two  puppies  is  thrown  into  the 
water  and  paddles  bis  way  to  the  shore  while  a  second   oue 
looks  on,  we  by  no  means  have  a  case  of  imitation  when  the 
second  puppy  is  likewise  thrown  in  aud  al»o  paddles   ashore. 
And  we  can  furtherexclude  even  those  sorts  of  activity  which  ar« 
dictated  by  a  strong  gregarious  instinct.     We  shall  not  in  the 
prirsent  instance  regard  as  imitation  such  actions  as  the  gen- 
eral flight  of  a  flock  of  crows  when  one  or  two  of  their  num- 
ber start  off  in  alarm.     For  present  purposes  we  shall  regard 
as  imitative  those  activities  only  which  arc  indtvidtial  in  their 
nature  and  which  are  formed  on  the  model  of  the  acts  of  other 
animals.      The  action  of  the  parrot  which  leamx  to  talk,  and 
the  youth  who  goes  to  the  Klondike  in  order,  like  others,  to 
make  bis  fortune,  we  shall  regard  as  imitative.      Aud  we  may 
distinguish  two  grades,  illustrated  tolerably  by  these  two  ex- 
amples :  a  lower  grade  in  which  the  imitation  is  executed  for 
the  satisfaction  which  it  itself  gives,  and  the  other  in  which  the 
imitation  is  undertaken  with  a  view  to  the  accomplishment  of 
a  definite  result.      The  first  of  these  is  of  an  in.stiuclivc  type 
and  appears  characteristically  in  many  birds  besides  the  par- 
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rot,  In  human  infants,  and  possibly  in  the  young  of  other  spe* 
cies.  The  second  is  of  a  ratiooal  character,  and  when  present 
is  A  mark  of  considerable  psychic  development.  Here  the  issue 
seems  fairly  joined,  for  in  raising  the  question — Does  the  ani- 
mal on  seeing  a  certain  action  performed  by  another  desire  to 
do  the  same  in  order  that  a  cerlnin  result  may  follow?— we  take 
our  stand  on  the  border  line,  howbeit  somewhat  broad,  which 
fteparales  rational  from  merely  intelligent  thinking. 

In  interpreting  an  action  as  imitative  many  investigators 
have  placed  great  stress  on  what  the  animal  saw,  at  the  ex- 
pense of  what  the  animal  desired.  But  even  what  an  animal 
wcs  is  by  no  means  always  certain,  qnite  apart  from  physical 
.imperfections  in  vision  due  to  albinism,  myopia,  or  nocturnal 
habits.  Like  Jastrow's  "really  do"  and  "api>arently  do," 
what  an  animal  really  sees  and  what  it  apparently  sees  may  be 
widely  different.  SufBcient  data  from  general  observations  are 
not  yet  forthcoming  to  certify  the  usual  methods  of  testing 
imitation  as  fairly  free  from  probable  sources  of  error. 

Citations  will  illnstmtc  the  ]>oint  of  contention.  Berry  (2) 
writes  in  regard  to  the  rat: 

"Wbcu  put  into  the  box  be  fir*t  tries  to  |{et  oat  at  tbe  place  nuirett 
to  the  foot],  tiut  not  *DCCccdliiK  tta«rc  be  griictaally  works  away  from 
that  Mpoi  iiutit  tiF  bas  tried  aloioat  every  %\io\  iii  the  box,  or  until  lie 
pulla  the  utrin);  tbat  opcni  tbc  door.  TbcD  bi*  attention  being  at- 
tractcil  to  Ibu  iloor  by  tbc  •oQud  it  make*  in  opcDitig.  be  rntia  to  It 
anO  pMHsea  out  to  tfa«  food.  Wbeu  he  is  put  back,  take  notice  of  nbat 
bappeui.  Doe*  be  ma  at  once  to  tbc  «triii^.  pull  it  and  open  the 
door?  Br  tK>  mcAsa.  He  tries  the  door  and  hniiinK  it  cloacd  makea 
many  random  moTeineiita  before  atarting  in  tbc  Kenc'sl  direction  of 
tbe  *triDK.  After  noitagaboni  in  iti  vicinity  for  a  time  be  finally  «nc- 
GceUi  in  undinK  it  and  pulltiiij  it  and  thuit  e»ca)iei.  It  i*  not  until  he 
baa  got  out  many  tiuii^a  that  he  gpcft  at  once  to  the  tiring,  poll*  it  and 
paane*  out,  without  making  at  firit  a  naniber  of  random  niOTeincnta." 

"  These  (acts  in  texatd  to  the  way  tbc  rat  learns  to  get  out  of  a  Imz 
are  of  rital  importance  in  helping  ua  to  decide  what  we  may  reaaon- 
•bly  expect  from  the  ral  in  resard  to  imitation.  If,  when  a  rat  by 
ebance  pulls  the  strinic  ami  hears  the  door  open,  paueti  out  and  is 
fed,  it  cannot  ({o  directly  to  that  string  when  put  back,  why  should 
we  cipcct  ■  rat  that  haa  merely  vilnesicd  tbc  performance  to  be  able 
to  dolt.  Tbc  rat  that  opcud  tbc  door  not  only  sees  the  string  and 
frees  his  paw  pnll  it.  but  he  has  in  addition  all  the  sensations  that  are 
connected  with  the  morcment  of  pulling  tbc  atrioK.  while  the  rat  that 
looks  on  faai  only  the  visual  sensation,  no  klRgcsthclJC  sensations.  It 
•eems  to  me  that  we  ought  to  be  able  to  say  a  priori,  in  the  light  *o( 
these  facta,  that  no  ordinary  rat  would  be  able  to  open  n  door  by  pnll- 
ini!  a  striuK,  simply  Irom  having  seen  another  do  it,  without  firM 
tnakinK  a  nnmher  of  tnndom  movements." 

It  is  upon  stich  a  slender  basis  that  Mr.  Berrj'  infers  imita- 
tion. He  lays  great  stress  on  the  visual  sensation  as  the  chief 
factor  in  what  Ik  calls  the  final  imitative  act.  It  would  .-fxein 
as  though  he  begs  the  whole  qncsttoo.     If  the  act  was  imitation 
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in  any  tme  sense,  just  what  we  sboald  expect  to  see  would  be 
the  rat  puiling  the  string  with  much  fewer  random  niovenients, 
clw  in  what  particular  does  \o.  3's  method  of  lenrning  to  get  oat 
of  tbe  box  differ  from  thatemployed  by  No.  i?  Indeed,  it  wottid 
aeem  to  require  more  than  the  "ordioary  rat"  to  acquire  the 
ability  to  free  itKlf  from  the  box,  if  it  bad  no  other  tutelage 
tbanfleeinganotherratdotheaainetbing.  Small  (53)  expressly 
stales,  that  he  has  never  seen  a  ca-te  of  what  might  be  colled 
inferential  imitation.  "By  this  I  mean."  he  says,  "merely 
the  learning  to  do  a  thiDg  by  seeing  another  do  it — the  pur* 
posive  association  of  another "s  action  with  a  desired  end." 
Cole  ( 10)  again  writes  in  regard  to  his  raccoons: 

"Aitei  turiuE  hwl  wtne  *lz  wMka  of  **p-ctitac^  in  diaiingnicbing  a 
black  from  a  white  card  and  in  diitingtiiiliiott  com  piemen  tarf  colon, 
escb  of  the  (uur  r*OcooDii  derelop«d  a  iciidcory  to  reach  over  1h«  front 
board  ol  the  appaialtm  Bud  claw  up  the  colored  caids.  TbJi  tcDdcncy 
wan  cDCODiaficd  and  6DallV'  they  woold  claw  up  the  rijibt  (  (o<h1  )  card 
and  KO  10  tUc  high  l>ox  to  be  (cit.  or.  bavlni;  clawed  up  the  wrong  (no 
food)  card  they  would  claw  It  down.  So  tar  as  imitation  ia  inqueaiJon, 
the  important  point  it  that  the  taccoons  did  begin  to  do.  or  try  to  do 
whHl  Iticv  hiiil  <iccQ  done  by  thccxpcrlmeotcr.  Baforc  tbcy  began  tbia 
tbcy  hod  learned  \o  wntcb  the  card*  and  tbe  moTement*  of  the  train- 
cr'a  haada  rcrr  cIomIv  indeed.  Tberclorc.  tbe  animals  either  Imitated 
or  else  frotii  Ihclr  inipiiliciic*  lo»ce  ihc  rifrfat  raid  come  up  there  apraag 
tbe  idea  that  they  themnelret  mlKhl  make  it  come  ap.  Tbia,  however, 
may  be  all  Ihcic  it  in  iDtcllif(ent  itnitation." 

To  the  present  writer  it  seems  that  there  is  yet  another  alter- 
nativc  in  this  case.  The  behavior  of  the  raccoons  in  clawing: 
up  tbe  cards  wasdueeilher  to  imitation,  or  to  the  idea  that  they 
themselves  might  make  the  proper  card  come  tip,  or  >V  was  att 
aaidental  rttuU  of  tkf  raaoons  inveUraU  impulse  to  alloik  and 
manipitlaU  anylking  Ikal  (an  kt  movfd.  The  animals  had  al- 
ready associated  the  (."olored  cards  with  the  getting  offood  :  had 
earlier  still  been  accustomed  to  get  food  by  attacking  some  sort 
of  Eiutening  ;  from  this  it  is  a  .short  step — hardly  a  step  at  all — 
to  attack  the  card  holders.  After  having  succeeded  a  few  times 
in  thus  starting  tbe  train  that  leads  to  feeding,  the  activity 
would  become  stereoty|Kd  like  the  opening  of  boxes  or  any 
other.  In  any  case  we  might  expect  imitation  to  occur,  if  at 
all,  more  readily  when  members  of  their  own  species  furnish 
the  models;  and  while  these  cases  remain  few  and  oncertain  we 
may  well  entertain  reserve  as  to  those  where  the  coon  seems  to 
imiute  the  experimenter. 

As  to  the  imitation  of  one  coon  by  another,  though  I  have 
been  alert  to  discover  it,  I  can  report  only  doublfut  or  negative 
observations.  Coon  No,  3  sits  np  and  begs  for  food  (Fig-  it, 
PI.  11).  She  took  up  this  activity  of  her  own  accord.  I  have 
simply  strengthened  the  association  of  food  and  sitting  tip,  by 
refusing  food  unless  she  does  so.     At  the  first  No.  8  tiaed  to 
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sit  np  also.  They  took  up  tbe  attitude  together.  Soon  No.  8 
dropped  it  and  then  picked  Jt  tip  again  about  three  weeks 
later.  Now  he  silii  up  regularly.  No.  3  and  No.  4  were 
taught  to  climb  to  the  top  of  the  staud  in  tbe  middle  of  the  Soor 
of  the  cage  for  their  food.  No.  4  was  taught  Id  staad  up  on 
this  stand  for  hia  food.  He  is  blind  so  no  visual  elementcould 
have  entered  into  his  learning  of  tbe  trick,  but  No.  2  which 
climbs  to  the  stand  with  him,  never  stands  up  for  food  unless  it 
is  held  directly  above  her  bead,  when  she  will  reach  for  it.  No. 
a  has  had  good  opportunity  to  ol)«erve  and  therefore,  copy,  but 
00  imitation  has  resulted.  It  might  perhaps  be  thought  that 
the  climbing  of  the  stand  was  the  b^naitig  of  tbe  imitative 
process,  but  No.  2  has  been  iiccuJUomed  tocUmb  to  my  shoulder 
for  her  food  for  more  than  a  year.  Climbing  to  the  staod  woa 
therefore,  »imply  a  change  of  place.  In  tbe  cases  of  No.  3  and 
No.  8,  the  position  which  ihcy  assume  is  one  which  is  natural 
to  tbe  animal  when  suddenly  startled.  It  then  sits  up  to  look 
for  the  cau»e  of  tbe  disturbance,  The  position  is  also  a  pre* 
limioary  fighting  attitude.  Both  animals  arc  timid  and  have 
not  been  long  in  captivity.  It  would  .seem,  therefore,  that  we 
had  here  merely  a  partially  transferred  association  from  that  of 
— danger,  eit  up — to  that  of — food,  sit  up. 

No.  6hnstali:en  to  himself  the  babit  of  jumping  for  his  food. 
This  acti^-ity  has  been  fostered,  until  he  now  jumps  about  3  ft. 
high  for  his  morsels.  He  is  in  the  midst  of  the  pack  when  they 
are  being  fed.  No  other  animal  has  yet  copied  his  method, 
although  he  rubs  against  them  and  jumps  from  their  midst 
continually. 

Six  animals  escaped  from  tbe  cage  in  one  night,  by  pulling 
down  the  wire  netting  in  a  corner  at  the  ceiling.  Three  of 
thcM  Itelonged  to  one  litter ;  a  mother  and  her  two  young  were 
tbe  second  three.  Once  out  of  tbe  cage,  tbe  6rst  three  jumped 
from  the  window  to  the  ground  n  distance  of  some  !*ixty  feet. 
Two  escaped,  the  injured  one  was  recovered.  The  other  group 
concealed  them.-u:lves  in  one  of  the  ventilating.shnft.s  in  the  wait 
of  the  hnilding  from  which  they  were  extricated  with  difficulty. 
Three  other  animals  remained  in  the  cage  and  made  no  apparent 
attempt  to  escape.  The  ca.«  of  the  six  that  escaped  might  be 
con.<ideTcd  as  indicating  something  of  imitation,  hut  I  think  it 
rather  a  case  of  the  group  or  gregarious  impulse  to  which  I 
have  already  referred  as  of  a  diflercnl  sort  from  the  strict  type 
of  imitation  under  consideration.  We  know  as  yet  so  little  of 
the  importance  to  animals  of  litter  and  .st>ecies  odors,  and  of  the 

I  general  basis  of  gregariousness,  that  this  factor  must  not  be  lost 

I  sight  of. 

I  Excluding  such  coses  as  this  la.<t  and  the  doubtful  ones  of 

^^      defecation  and  play  already  referred  to  (p.  456  p.  460J  above,  I 
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hive  seen  aothlns:  that  I  tliought  I  was  justified  io  regarding 
as  a  clear  case  of  imitation,  especialty  none  of  the  inrereotiai 
type.  At  tlie  same  time  I  am  far  from  believing  that  iiuiu- 
tions  of  the  more  instinctive  tyi>e  may  not  yet  appear,  especially 
in  the  cftse  of  young  animals  and  of  raccoons  wbca  free  at  niicbL 

SOMMARY. 

In  summing  up  the  results  of  the  observations  snd  expert- 
menu  rtrport<^d  above  the  writer  feels  justified  in  msklog  the 
following  statements: 

1.  Tbe  common  opinion  of  the  adroitiKsa  and  cunning  of 
the  raccoon  is  vrcU  founded  and  in  agreement  with  his  habits 
in  tlie  wild  and  with  what  may  be  inferred  from  his  pbyisfcal 
cijutpmcnt  and  great  adnptability. 

2.  The  raccoon's  instinctive  powers  of  attention  and  curios- 
ity are  of  a  high  order  as  compared  with  those  of  other  nntmals. 

3.  The  coons  under  observation  developed  a  characterifltic 
of  depositing  their  excrement  in  a  fixed  place  and  covering  it 
there,  a  form  of  behavior  to  which  they  are  not  aoctutomed  in 
the  wild. 

4.  The  raccoons  under  observation  showed  wide  dlSEiereDces 
in  temperament — diSerences  which  are  fundamental  in  the  in- 
terpretntion  of  all  tests  on  their  intelligence. 

5.  Tbc  experiments  in  which  the  animal  opened  varioat 
lo«3ting  devices  in  order  to  obtain  food  showed  a  conHiderable 
variety  of  attack  in  the  case  of  different  animals  and  to  a  certain 
extent  in  the  same  animal  at  different  stages.  The  perfecting 
of  the  power  of  undoing  fastenings  is  accomplished  by  a  slow 
iscrics  of  small  change.'',  consiKting  chiefly  in  the  omission  of 
unnecessary  movements  and  the  combination  of  those  TMiuircd, 

6.  The  order  of  procedure  in  working  the  "combinaUon" 
locks  was  pcrfecte<l  before  the  amount  of  effort  necessary  was 
fnlly  learned. 

7.  Experience  with  former  fastenings  holds  o\'er  in  the  cose 
of  new  ones  leading  the  animal  at  least  in  certain  cases  to  begin 
his  attack  at  the  place  on  the  surface  of  the  food  box  where  be 
has  been  accustomed  to  work.  (Thi.s  has  l>een  found  by 
Tbomdike  in  the  case  of  cats,  but  dicnied  by  Cole  in  the  case 
of  raccoons. ) 

S.  When  an  animal  is  forced  to  approach  a  familiar  fastet 
ing  from  a  new  direction,  it  is  often  about  as  much  bothered 
it  as  by  a  new  fastening.  Nevertheless  in  course  of  time 
animals  seem  to  reach  a  sort  of  generalized  manner  of  procedure 
which  enables  them  to  deal  more  promptly  with  any  new 
fastetiinft  (not  too  different  from  others  of  their  experieoce) 
than  with  the  first  few  which  they  ma.ttered, 

9.     Tbc  old  animals  seem  to  Ic«rn  less  rapidly  at  first  ib»n> 


PLAXB  II. 

Vigt.  I.  aaotl  ^tlinwftDtDialt  No,  4,  6 and  i.inchanictcriiik  nllitwlci 
of  attrntlon. 

FiK-  4.    No.  i  ill  the  attiladc  of  (ear. 

PiK'  S-  ConikiiiMion  No.  I  clotcd  and  sci,  ready  10  be  given  to  the 
nnlinal. 

I'iK.  6,     No.  1  in  a  chsracIcrlMic  reilitiK  or  skepiiij;  ullitiidr. 

l-'iK'  7'  No.  8  al  the  tcti  in  the  attitude  of  (car,  and  No.  3  at  llic 
liiclit  Traity  to  fiehl. 

l-'iK'  S'  Inlernai  inccbaDitai  of  Combiaalioo  No.  I,  showing  llic  io' 
tcnilB)-  of  lockins  dcricca. 

fiK  9.     No.  1  III  the  act  of  ojivninit  ]  and  4  in  Combination  So.  1. 

Vig,  10.     No.  1  III  th«  atliltirlc  of  aKcDliaii. 

P^.  II.     No.  3  bcKKJDK  '*>'  food. 
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the  young,  but  profit  more  by  their  experience  Ister,  possibly 
tKcause  they  are  more  attentive  to  the  matter  in  hand  and  are 
more  economical  in  the  matter  of  effort  and  movement.  These 
age  differences  appear  in  the  learning  curves. 

10.  The  learning  curves  for  the  raccoons  and  Kinnaman'a 
monkeys,  so  far  as  they  permit  a  comparison  of  the  animals, 
seem  to  show  a  nearly  equal  facility  in  learning  to  undo  lasten- 
ings. 

1 1,  Test  of  the  raccoon's  powers  of  retention  show  that  skill 
in  undoing  simple  fastenings  once  learned  remains  practically 
undiminished  for  periods  of  no  practice  of  more  than  a  year. 
In  the  case  of  the  "combination"  locks  the  memory  was  im- 
perfect after  a  period  of  2S6  days,  but  the  releaming  was  rapid, 
only  24  trials  being  necessary  to  gain  a  fecility  that  originally 
required  107. 

13.  There  was  evidence  in  certain  cases,  where  the  intervals 
of  practice  were  relatively  short,  of  a  gain  in  facility  during 
the  period  of  no  practice,  so  that  the  animal  began  with  fewer 
mistakes  after  the  interval  than  before.  This  may,  however, 
have  been  due  to  the  beneficial  effect  of  rest  since  the  animal 
usually  went  to  sleep  at  once  after  the  tests. 

13.  The  animals  after  practice  adapt  themselves  correctly  to 
comparatively  small  differences  in  the  situation  with  which 
they  are  confronted. 

14.  The  experiments  on  the  discrimination  of  colors  and 
brightness  indicate  with  extreme  probability  that  the  raccoon 
is  color  blind.  The  raccoon's  nocturnal  manner  of  life  would 
lead  the  experimenter  to  expect  this  result. 

15.  No  certain  cases  of  imitation  of  one  raccoon  by  another 
were  observed.  The  two  or  three  doubtful  cases  were  on  the 
instinctive,  not  upon  the  rational  level. 

I  wish  here  to  thank  Dr.  E.  C.  Sanford  for  his  kindly  en- 
couragement, snggestions  and  criticism  during  the  entire  period 
of  ot»ervation.  I  owe  acknowledgment  also  to  Mr.  J.  H. 
Starr  for  assistance  in  the  capture  of  the  animals,  and  observa- 
tioa  of  the  habits  of  animals  in  the  wild  which  were  fresh  and 
first  hand. 
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XIX.    A  Prbuminarv  Study  of  thk  Psvcuologv  op 

Rbasokino. 


Bj  Wiujs  L.  Card. 


An  examination  of  the  treatment  of  reasoning  by  most  pejr- 
chological  writers  reveals  the  fact  that  tbe^  have  been  largely 
inl1uciice<I  by  tbc  demands  of  formal  logic.  For  many  ccntn- 
rics  the  syllogism  was  Tcgarded  as  the  only  form  of  reasoning. 
So  recent  a  writer  ns  John  Stuart  Mil!  enters  a  vigorous  protest 
■gainst  the  attempt,  on  the  part  of  s  few,  to  look  on  the  syllo- 
gism as  useless  in  reasoning.  For  him  the  syllogistic  form  is 
•bsolately  indispensable  in  testing  the  correctness  of  generali- 
zations. But  he  admits  that  the  syllogism  is  not  a  correct 
ualy^a  of  the  psychic  process  of  reasoniiiR;. 

According  to  Mercier  the  regard  for  the  syllogism,  as  a  form 
of  tbottght.  has,  declined  during  the  lo.'-t  thirty  years.  He  af- 
firms that  the  stndy  of  the  reasoning  processes  should  form  m 
part  of  psychology;  but  he  admits  that  in  bis  discussion  of  the 
matter  he  has  "bowed  the  knee  in  the  House  of  Rimmon." 

Lloyd  Morgan  declares  that  only  those  beings  reason  that 
arecapable  of  "focusing  the  therefore,"  and  implies  that  rea- 
soning is  a  conscious  attempt  to  justify  our  conclusions.  It  is 
an  examination  of  the  method  by  means  of  which  we  reach  a 
conclusion.  William  James  is  still  willing  to  .say  that '  'reason- 
ing may  be  very  well  de&ued  as  the  substitution  of  parts  and 
their  implications  or  consequences  for  wholes,"  thongh  be 
treats  the  matter  at  some  length  descriptirely. 

Binet  finds  that  there  are  three  images  involved  in  reason- 
ing. The  first  calls  forth  the  second  by  resemblance.  The 
second  suggests  thelbird  by  contiguity;  and  this  is  all  that  there 
is  in  reasoning.  Ribot  would  have  lis  believe  that  "reason  Is 
only  a  means  for  control  and  proof." 

George  M.  Stratton,  however,  writing  in  the  Psy^ologital 
RevUw  for  1896  maintains  that  both  logic  and  psychology  have 
sn  interest  in  reasoning.  Bnt  in  the  past  the  part  that  belongs 
to  each  science  has  not  been  ver)'  well  made  out  and  much 
confusion  has  resulted.     Each  has  a  different  end  in  view  and 
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eonaloys  a  different  method.  In  brief,  Stratton  holds,  and 
rightly,  thai  in  logic,  there  is  au  attempt  to  Justify  the  con- 
clusion; in  psychology  there  is  an  attempt  to  explnia  bow  the 
conclusion  was  reached. 

These  few  and  brief  citations  will  serve  to.<)how  how  (he  dis- 
cussion of  reasoning  has  been  inSucnced  by  formal  logic  evea 
in  the  case  of  recent  writers  on  the  subject. 

Bnt  little  attention  has  been  given  to  an  ex{>erin>ental  study 
of  the  question  as  yet.  This  may  be  explained  in  part  by  the 
fact  that  sensation  and  peiceptioti  have  furnished  the  experi- 
mentalist easier  points  of  attack.  Indeed,  some  have  gone  BO 
&r  as  to  assert  that  reasoning  is  such  a  vcr>-  complex  process 
that  we  have  little  or  no  ch.ance  of  ever  being  able  to  catch  the 
mind  in  the  act  of  pnre  reasoning.  Groos,  who  has  made 
some  attempt  in  this  direction,  tbtnlcs  that  perhaps  we  shall  be 
able  to  get  most  empirical  material  by  noting  the  blunders  of 
reasoning  into  which  we  fall.  That  reasoning  is  a  difficult 
matter  to  deal  with  empirically  is  certainly  evident  to  all,  but 
it  does  not  seem  fair  to  place  it  among  the  impossible  problems 
without  further  corLsideratiou. 

The  writer  confesses  himself  more  hopeful  of  a  solutti:in  of 
these  problems  by  the  cmpiiical  method.  Certain  phases  of 
reasoning  may  be  observed  in  the  s'>lving  of  all  probleiii^  and 
ptizzlcs,  and  by  introspection  it  ought  to  be  possible  to  gain  a 
lair  aocoont  of  the  psjxhic  process  involved  in  the  reasoning 
act.  Believing  that  some  information  concerning  rea»ouing 
could  be  obtained  ia  this  way,  two  scries  of  simple  experiments 
have  been  carried  out. 


Tbk  First  Ssribs  op  BxPSRiUBirrs. 

The  first  set  of  experiments  was  made  with  a  problem  in 
long  division,  found  in  the  "puzzle  column"  of  the  Omgrega- 

The  problem  ia  ss  follows: 

X  9  X  X 

X  I  X  X 

4x^5 


a  X  7  X 
X  XX  4 


XO  X 


«* 


UAsd: 


It  w«s  tlie  task  of  the  subject  to  supply  ttic  proper  Sf^re^  (on 
the  crosses,  and  to  take  note,  w  far  w  he  was  able,  of  biii  raca- 
Ul  processes  while  doing  so.  These  introspectious  weie  re- 
corded by  uii  operator  who  wns  preseiit  duriuti!:  the  Aolation. 
In  ttiis  way  it  was  possible  to  secure  a  somewhat  full  account^ 
of  what  went  on  in  the  mind  during  tbc  solution.  The  problem 
was  solved  in  this  way  by  twenty-six  persons.* 

Tbe  following  imaginary  record  is  typical  of  the  subjects,. 
method   of  pro^dure  except   that  the  actual  ones  were  \esa\ 
certain  and  direct.     All  notes  and  introspections  also  are  be 
omitted.     The   procedure   may  be  followed   in    the    exami 
below  where  the  large  figures  are  those  of  the  original  proble 
the  small  figures  above  them  arc  the  numbers  of  the  positic 
of  the  individual  figures  and  x's  numbered  consectitivcly  from 
left  to  right,  and  the  letters  below  indicate  tbe  successive  steps 
of  the  soluttoa. 

9xxi4xxx4X7(xxxx 

m    h /         rrt  t         Vpikl 

«lft5i4i7i*  (q        tk 

X  9  X  X 


■9     ID 

11 

n 

X    I 

X 

X 

n 

b 

c 

«]   H 

K 

■« 

4  X 

X 

5 

V 

ik 

•9   f 

2 

X 

7x 

1' 

]) 

a  3* 

X 

'?4 

ss 

»   17 

X 

O   X 

e 

a. 
b. 
c. 
d. 
e. 
f. 

S- 
b. 
i. 

J- 


Inserted  7  in  jo  &om  data  given. 

Inserted  4  in  2i  from  data  given. 

Obtained  3  in  j/  by  snbstraction. 

Obuiued  7  tajj  by  substraction. 

Obtained  2  in  23  by  general  rule  of  .subtraction. 

Inserted  3  in  9  from  data  found  in  fifth  step. 

Inserted  o  iu  /^  from  data  found  in  f  /  and  f .?. 

Decided  that  j  and  /j  must  be  odd  because  ^6  la  odd. 

Decided  that  ij  mum  be  5  because  ^j  is  4. 

Decided  that  /^  must  be  a  or  3  because  of  27. 


*Tbe  writer  wUbcs  to  eipresa  his  obllK*iloti  to  Dr.  AItih  Borgnuln 
for  tbe  note*  npon  thcte  Hlutiotit  wbicb  were  taken  by  him  under  the 
dlieclion  ol  Dr.  Sanford. 
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k.  Decided  that  14  must  be  >  because  3  is  odd  and  3t  is 
even. 

1.  Decided  that  ?  must  t>c  7  because  it  is  tbc  only  odd  num- 
ber tbat  multiplied  by  z  and  5  gives  4  aiKl  5  in  units  place  in 
the  product. 

D).     Decided  that  7p  must  be  5  because  34  is  greater  thoo  t. 

u.     Decided  that  a  should  be  3  or  A  by  alteratives. 

o.     Decided  tbat  i  must  be  8  by  trial  and  error. 

p.     Decided  that  //  must  be  4  or  5  because  of  4. 

q.     Decided  tbat  //  must  be  5  by  trial  and  error. 

r.     Inserted  9  8  6  in  j  ^  7, 

A  few  other  relations  were  used  by  a  few  of  the  snbjects. 
The  most  important  is  the  discover>'  that  the  34th  figure  is  9. 

The  subjects  tested  in  this  scries  were  of  very  various  de- 
grees of  skill  in  introspection  and  it  is  quite  clear  that  most 
were  unable  to  do  more  than  indicate  the  steps  latcen  without 
entering  upon  a  minute  account  of  them.  This  is  not  at  all 
remarlcable.  however,  for  there  was  apparently  nothing  but  the 
associative  rise  of  the  required  numbers  in  consciousness  that 
could  have  been  observed.  The  writer's  owu  experience  with 
the  problem,  confirmed  by  that  of  the  beat  expert  subjects  that 
have  been  tested,  seems  to  show  that  the  reasoning  processes 
involved  are  matters  of  simple  associative  recall.  The  particu- 
lar feature  of  the  problem  which  engages  attention  at  tbc  mo- 
ment calls  up  a&Mjciatively  the  digit  required,  or,  when  the 
cose  is  more  complicated,  the  several  possibilities.  No  trate 
appears  of  anything  other  than  the  familiar  processes  of  assotia- 
tton  and  appereeption  u-arking  under  Ike  sptdtd  ttmdUiens  0/ 
attention  to  the  particular  matter  in  hand. 

Of  more  importance  perhaps  than  the  elementary  functions 
involved  in  rea.vmlog,  is  the  general  method  of  attack  upon  the 
problem  presented,  the  way  in  which  clues  arc  looked  for  and 
the  adequacy  with  which  they  are  apprehended  when  found. 
Here  lies  an  immense  field  for  individual  differences.  Atter 
tabulatin){  (he  solutions  of  the  problem,  it  was  found  possible 
to  group  (hem  with  regard  to  efilciency  In  three  classes.  The 
basis  for  the  classification  is  the  number  of  steps  required  to 
reach  the  solution  and  for  this  reason  is  arbitrary. 

The  best  group  consisted  of  seven  solutions :  3  requiring 
fourteen  steps;  t  G^een;  i  sixteen;  1  seventeen  and  2  eigbt- 
eeu.  The  medium  group  consisted  of  eleven  solutions  :  a  of 
nineteen  steps :  3  of  twenty;  a  of  twenty-one;  3  of  twenty- 
two  and  I  of  twenty-three.  The  poorest  group  consisted  of 
eight  solutions :  3  of  twenty-four  steps;  t  of  twenty-five  ;  1 
of  twenty-six  :  1  of  twenty-eight ;  1  of  thirty -four  ;  i  of  thirty- 
five  and  I  of  forly-uiue. 

The  difierence  in  the  number  of  steps  required  to  solve  the 
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problem  shows  the  tDdiTidaal  differences.  It  is  no  doabt 
true  that  llie  varlntion  in  the  number  of  steju  may  be  explained 
in  part  by  the  difference  in  completeness  with  which  the  intro- 
spections were  made.  But  *ome  of  the  variation  ratiNt  certainly 
be  nttribatcd  to  psychical  fectors,  such  as  methods  of  assoctft- 
tioD,  sagacity,  and  familiarity  with  the  particular  uumcricat  re- 
lations involved.  It  is  to  be  noted,  however,  that  those  most 
skilled  in  mathematics  did  not  always  reach  the  solatioa  by 
the  use  of  the  feweiit  steps. 

The  dificrcnt  groups  showdifferent  amounts  of  mental  fumb- 
ling. There  is,  as  might  be  expected,  a  close  relation  between 
the  amount  of  fumbling  and  the  nnmt>er  of  steps  required  sioce 
the  fumbling,  or  inability  to  sec  essential  relations  clearly,  is 
(he  chief  cause  of  the  lengthening  of  the  process  uf  solution. 
When  the  sttcce^ivc  steps  of  the  iiolution  arc  treated  iu  (^oups 
of  five  the  earlier  groups  show  a  higher  percentage  of  fumb- 
ling than  the  later  ones.  There  it  much  fumbling  until  a  cue 
is  found,  which  enables  the  subject  to  take  a  few  definite  steps. 
This,  however,  is  soon  exhausted  and  tliere  o^eu  must  then  be 
another  search  n-itb  renewed  fumbliug.  Only  a  few  relations 
are  simultaneously  before  the  mind. 

The  method  of  attack  seem*  to  be  influenced  by  habit.  Five 
out  of  Kvcn  in  the  best  group  of  subjects  began  with  the  6rst 
figuie  of  the  quotient.  Seven  out  of  eleven  in  the  second 
group  began  with  the  same  figure,  while  only  three  out  of 
eight  in  the  third  ^''^'^P  began  with  this  figuie.  These  facts . 
show  a  rather  strong  tendency  to  follow  the  fixed  habits  in 
commencing  the  solution,  and  a  certain  advantage  in  so  doing, 
or  in  the  methodical  habits  of  procedure  that  it  indicates. 
They  begin  at  the  point  where  one  would  in  solving  an  ordi- 
nary problem  in  division.  It  is  in  the  formation  of  such  hab- 
its  that  growing  skill  in  mental  operations  consists, 

Tbk  Second  Sbribs  op  Experiments. 

In  the  second  series  of  experiments  the  material  was  of  the 
same  nature  as  before,  but  the  problems  were  much  simpler. 
The  form  of  each  problem  follows : 


: 


I. 

II. 

ni. 

IV. 

3EX7)2077(2 

8 

x)x64 

6x 

X  X  x4 

X 

1  24 

X 

103 

5 
18 

594 
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VI. 

vn. 

X  )  X  6  X  6 

X74 

1934 

3x4 

35* 

^5  3  2 

495 


76 
17 


be  task  in  these  problems  was  tbe  fiame  as  in  the  prcfioiis 
one.  In  all  twenty  persons  have  solved  these  seven  problems 
and  given  u  rather  full  account  of  the  menul  ptx>cesses  taking 
place  daring  the  solution.  These  subjects  were  all  more  or  less 
experienced  in  introspection.  An  operator  was  present  at  the 
time  the  work  was  done  and  secured  as  full  an  account  of  the 
work  as  possible.  The  direct  reports  as  to  tbe  detail  of  the 
processes  wax  as  meagre  as  before,  but  the  .simpler  conditions 
permit  more  certain  inferences  as  to  its  character.  For  an  in- 
dication of  the  character  of  the  data  obtained,  see  pp.  499-501 
below. 

On  examining  the  results,  il  was  found  possible  to  gTX)np 
the  solutiomi  according  to  the  following  scheme. 


Taili  I. 

Probkmi.I, 

II. 

III. 

IV. 

V. 

VI. 

VII 

Sub' I 

B 

A 

B 

B 

C 

D 

c 

J«l  3 

B 

A 

B 

B 

c 

B 

c 

■■   3 

A 

A 

D 

A 

A 

D 

c 

■•   4 

B 

A 

B 

B 

C 

B 

c 

"i 

B 

A 

B 

B 

c 

D 

c 

B 

A 

B 

S 

c 

D 

c 

■■I 

B 

C 

D 

B 

c 

D 

c 

B 

C 

B 

B 

c 

B 

c 

■'  9 

B 

A 

B 

A 

A 

B 

c 

"10 

B 

A 

B 

A 

c 

B 

c 

•'II 

A 

A 

D 

A 

c 

D 

c 

"la 

B 

A 

D 

A 

A 

D 

c 

"13 

B 

A 

B 

A 

c 

B 

A 

"u 

B 

A 

B 

A 

c 

B 

c 

"•\l 

B 

A 

B 

A 

c 

B 

c 

A 

A 

D 

B 

A 

B 

c 

-  >7 

A 

A 

B 

A 

A 

B 

c 

"  tS 

B 

C 

B 

B 

C 

B 

c 

"  '9 

B 

C 

B 

B 

c 

D 

c 

"X. 

B 

A 

B 

A 

A 

D 

A 

Explanation  of  letters  used  in  classifying  the  soltitions. 
Problem  I. 

A  —  The  asc  ol  m  xcncral  principle.  Tbt«  iavolrci!  the  nub tMC ting 
of  the  rcmnindci  (rant  the  diThleud  and  dlvldiut;  b^  tbe  ijuotlciit. 

B  -  TrUl  sad  error  method.  The  attempt  to  (appljr  the  luisilng 
Bguic!^  by  compating  tbe  qnatlent  and  Ibc  dtviioi.  Tbe  prcx^cni;  w*> 
not  wholly  dependcal  on  chance,  bui  Involved  more  or  lea*  nncer- 
taJntj. 


49« 


GAtto: 


Pfoblem  11. 

A  =1  The  iiM  of  A  gvncral  prlaclplc.  This  eoaslsted  In  arddiag  J 
Ksd  8,  aiul  snbtiacting  the  Btun  froin  iB. 

C  =  Tbc  miuiiij;  Iikutc  wu  lupplJed  by  mccliatiicftl  «a<tltiitlon. 

ProbUtn  III. 

D  ^  The  ptobletn  wa*  fotTcd  by  niing  one  rarUble.  Tfae  divltor 
va*  ufdl  as  niDltlpHer  of  the  quotknt.  The  <iii-iM>r  wftl  cfaangcd  un- 
til a  pro<1uct  vra*  obtained  with  a  6  la  (he  ten's  place. 

£  =  The  problem  trai  aolTcd  by  atitig  two  Tariabte  tertt)S,^h« 
divitor  and  i^e  firat  hgott  ia  Ihe  dirideud. 

Problem  TV. 

A  —  Tb«  BM  of  a  K*"^'^'  prisctplc.  TbU  was  done  by  dividing 
th«  product  by  tbc  mnltiplicatid. 

B—  Tbe  trial  and  error  melbod.  Ttait  consisted  in  nssnmiiii;  mine* 
for  tbe  mJMlng  fignre«  and  changlD|[  tbcm  nnlil  the  condltiona  were 
Mtiafied. 

Problem  V. 

A  "  Tbe  nieof  a  general  prlnclpU.  Th«  temaioder  w«a«nbtrKCt«d 
from  the  minnend. 

C  =  Mechanical  labatitntton  aa  tbe  reanlt  of  fniuiliarity  witb 
tbc  relations  Involved. 

Problem  VI. 
D  =  The  utc  ol  one  variable. 
B  ^  Tbe  use  of  two  variablea. 

Problem  VII. 

A  ^  General  principle  nsed.    See  A  under  thcsccond  problam. 

C  =  Mechsnical  subititation.     See  C  above. 

Methods  />  and  £  stHiid  between  mctbod*  vf  and  S,  In  that  tbey 
B[c  guided  hy  KeDcral  principles  though  not  MKb  sa  Can  be  no  eftsily 
tnriitulnted  auii  brought  del^iiitely  to  conicLoanncM,  and  nveti  in  the 
H  method  the  trials  are  not  wholl)'  at  randam. 

Suminary  of  the  table. 


Problem  I. 
A=   4 
6-=  |6 


Problem  II. 
A  =  I6 
C=    4 


Problem  III. 


Problem  IV. 
A  —  lo 
B  =-  lo 


Problem  V,  Problem  VI.  Problem  VII. 

A=6  D=9  A=a 

C  =  14  B  =  II  C  =<  iS 

Problem  I  was  to  many  rather  difficult,  and  tbe  results  show 
a  very  swong  teadeucy  to  use  tlie  "trial  and  error"  method  io 
tbe  solution,  ThU  method  was  persisted  in  in  spite  of  the  fact 
that  a  very  direct  method  was  plaitily  indicated  by  the  data 
given.  The  form  of  the  problem  seems  to  have  suggested  old 
associations  and  tbe  sabject  at  once  began  tbe  .■«earcb  for  tbe 
cue  by  using  the  quotient  as  one  factor.  It  was  difficult  for 
most  to  change  this  first  impression  and  often  a  struggle  re- 
sulted. Those  who  applied  the  general  principle  did  so  at  ODce 
and  the  result  followed  immediately. 

The  second  problem  was  an  easy  one  and  these  subjects  show 
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a  strong  tendeacy  to  a«  a  general  principle  in  its  solnljon. 
Tlie  solution  followed  almost  as  !>oou  as  the  problem  was  per- 
ceived, but  fifteen  out  of  twenty  testified  tliat  n  solution  was 
reached  by  applying  a  general  principle.  Possibly,  however, 
the  general  principle  may  have  beeu  appealed  to  for  jiiHtification 
of  the  result  to  themselves  rather  than  in  reaching  the  solution. 

The  third  problem  was  more  difficult,  but  there  was  an  In* 
CKSM  in  the  number  of  those  who  attacked  the  problem  in  the 
most  direct  way.  In  this  problem  and  in  the  sixth  one  the 
moftt  direct  method  was  to  use  but  one  variable  quantity.  It  is 
noted  that  there  is  an  increase  in  the  number  of  those  who  saw 
the  most  direct  method  of  solving  this  problem.  This  may  be 
due  to  a  "warming  up"  to  the  work,  to  the  influence  of  prac- 
tice, or  to  the  refreshing  the  mind  for  the  old  numerical 
relation. 

The  fuunh  problem  was  nelected  because  It  presented  condi- 
tioos  of  meditun  difficulty.  The  subjects  fall  into  two  equal 
classes-  Those  who  used  the  A  method  applied  the  most  gen- 
eral principle  possible  to  its  solution.  Those  who  used  the  B 
method  followed  the  "trial  and  error  method."  They  varied 
the  two  missing  figures  until  a  set  was  found  that  satisfied  the 
conditions. 

In  the  fifth  problem  fourteen  out  oftwenty  fonnd  themselves 
applying  a  general  principle  of  subtraction.  They  subtracted 
the  remainder  from  the  minuend  and  thus  obtained  the  missing 
figure  in  the  subtrahend.  Some  felt  sure,  however,  that  the 
missing  figure  was  supplied  almost  spontaneously  on  seeing 
the  problem. 

The  seventh  problem  coatained  very  simple  conditions  and 
the  results  show  that  eighteen  out  of  twenty  saw  the  mis.sing 
figures  instantly  on  ^cct!lg  the  given  figures  in  each  column. 
These  eighteen  assert  that  there  was  no  adding  of  the  given 
figure.**  and  subtracting  this  sum  from  the  grand  total.  The 
associations  were  so  ready  that  they  resulted  at  once  on  seeing 
the  conditions. 

SoMK  Genbral  Obsbrvations  Made  hv  thr  Subjrcts. 

One  subject  reports  that  a  solution  which  starts  off  with 
success  but  breaks  down  at  a  point  near  the  end,  produces 
something  like  a  mental  "cramp."  The  mind  is  reluctant  to 
abandon  a  conrse  that  has  almost  resulted  in  success.  There 
isa  tendency  to  believe  that  the  data  are  wrong  rather  than 
admit  there  i.i  an  error  in  the  computation.  There  seems  to  be 
a  poverty  of  possible  chances,  and  n  tendency  to  force  a  solu- 
tion along  lines  that  give  an  initial  success  The  same  jierson 
remarks  that  he  tries  to  solve  puzzles  by  trying  the  same  plan 
time  after  time.    An  initial  success  which  proves  to  be  partial 
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makes  Jt  all  the  mon  difficult  to  modify  a   plan   of  attack, 
while  initial  failure  leads  more  reodUjr  to  new  plaas. 
The  foarth  problem  Is  as  follows ; 


594 

One  subject  aoticcd  that  the  End  that  a  six  was  placed  in  ten's 
position  in  the  multiplicand  caused  him  to  conclude  that  the 
missing  figure  in  the  multiplicand  cannot  be  a  six.  The  mere 
presence  of  the  six  had  excluded  the  i>os.tibility  of  the  misaiag 
fifCnre  beinf;  a  six.  He  had  a  feeling  that  the  missing  Dtimbers 
must  be  eight  snd  eight,  and  it  was  difficult  to  drive  himself 
into  an  admission  that  the  missing  numbers  must  be  oine  and 
six.  The  thought  of  putting  another  six  ia  the  mnltiplicand 
was  certainly  itthibilcd  by  the  presence  of  one  -tix  already  in 
the  multiplicand.  Several  others  noticed  that  they  were  led  to 
believe  that  the  missing  figures  lu  the  mnltiplicand  and  multi- 
plier were  alike.  The  fact  that  each  was  represented  by  the 
same  sign  seemed  to  suggest  this  to  them,  although  tbey  had 
been  told  at  the  outset  that  a  cross  may  repi^sent  any  one  of 
the  digits. 

One  subject  reports  that  the  large  prodtiet  In  the  fourth 
problem  suggested  a  large  digit  for  the  multiplier.  The  sub- 
ject was  conscious  that  the  594  wa.4  very  uear  to  600,  and  be- 
cause of  a  tendency  to  work  with  ten  as  a  unit  the  multiplier 
was  seen  to  be  9, 

Another  testifies  that  the  missing  figures  in  the  fourth  prob- 
lem were  kept  in  the  foreground,  while  the  6  and  59  were  in 
tile  background. 

Aniitlier  reports  that  he  tried  6  in  the  multiplier  of  the  fourth 
problem  because  he  felt  that  the  multiplier  must  be  a  rea.tonably 
large  number.  The  six  was  taken  before  he  had  considered  all 
the  data,  and  the  conclusion  seems  to  have  been  based  on  a 
vague  consciousness  of  the  relations  existing  between  the  given 
Caciors. 

One  person  in  solving  the  third  problem  asserts  that  he  did 
not  try  a  large  number  in  the  divisor  at  first,  for  the  product 
obtained  by  niuUiplying  the  divisor  by  the  quotient  must  not 
contain  more  than  three  figures.  He  must  keep  within  this 
limit. 

It  may  be  suggested  that  the  figures  with  which  the  subject 
began  give  a  fair  indication  as  to  his  general  feeling  regarding 
the  numbers  to  be  supplied. 

The  following  will  illustrate  the  nature  of  the  data  gath- 
ered; 


MINOR  sTumas. 


499 


Thi  A  Method  in  the  Firs!  Prcbiem. 

T1i«  kiibj«ct  6r«t  aair  tliit  tb*  second  line  conUJu*  bUnkH  Hiid  Ht 
ODce  reaoctcd  to  a  gentfal  rule  of  aubtractloa—  "Given  tbc  miQUtiid 
•nd  Ihc  rcmaiiidcf  to  fiiid  tboublrnbcnd."  A*  soon  a*  the  (abtraction 
na  completed  he  kD«w  thftt  the  »«cou4  line  was  twice  the  dlvtaof. 
Thia  diTiaion  gave  the  lequired  dlriaoT. 

The  B  Method  in  the  First  Problem. 
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The  (ir«t  idea  wa*  that  the  figure  ill  poaitioo  (i)  may  be  I  or  9. 
But  ilwBSBOonilecided  tOTeiecic)'"!  theifcouDtof  1  iDjxwitloiiC4).  At 
tbi*  point  it  wai  discovered  that  i  was  the  entire  qnotteal.  Tbe  pTob- 
lem  was  be);un  anew  by  inultiplyiiie  aevcii  in  paaltioa  (j>b]r  1  Id  posi- 
tion (8),  Siuce  tbe  figure  in  position  f  11)  \s  7.  tbe  figure  in  potitioa 
ii)  mast  be  auch  that  vlicn  nmlltplieil  bjr  2  urill  equal  «  nDmber  end* 
Dg  ID  6  (or  a  product.  Thit  will  make  tbe  limine  in  pOtltJOD  (>> 
etjual  3.  Then  the  first  In  tbe  divisor  is  a  9  after  all.  Tben  9,  8,  7,  6, 
5  and  4  were  tried  ■<  tbe  second  Ggnie  of  (he  diritor,  hat  all  were  re- 
[ectcd  and  j  ws*  declared  once  more  to  be  tbc  correct  number  for  the 
position.  But  thii  does  not  work.  At  this  point  tbe  subject  was 
lorrcd  to  repeat  tbe  acrica  ^  4,5,6.  7,8  for  poailioD  (i).  B]r  Ibia 
rc^ietlilou  8  wat  found  to  be  tbc  correct  figure.  In  tbe  first  trial  8 
acems  to  faaMbecn  skipped  in  some  way. 

The  A  Method  in  the  Seemtd  Probiem. 

Tbe  subject  saw  at  once  that  the  process  was  addition.  Imniediatelr 
he  saw  8  +  5=13.  18  —  IJ  ~  5.  Tbe  firat  step  came  without  bcal- 
tation  and  tbeu  there  wsit  a  slJKht  delay  lu  the  snbtracttoo  pfoccaa. 
due  perhaps  to  the  verifying  of  tbe  results. 

The  C  Method  in  the  Seamd  Probtem. 

The  sum  was  seen  to  be  tS.  s  +  8  ^  13,  and  at  this  point  saw  that 
tbe  Dumber  required  equated  s-  He  did  not  t«y  "ij  from  tS"  to  get 
bias- 

Th*  D  Method  in  the  Third  Problem. 

Tbe  subject  began  with  14  la  tbe  quotient  and  tbe  sis  in  tbe  dlel- 
dend.     Re  noted  that  tbe  first  multiple  of  14  containing  6  in  the  ten's 

Slacc  wai  7.  7  X  14  ^  (68.  Having  done  this  be  concluded  that  tbc 
ivifor  was  7.  The  entire  dividend  was  thea  obtained  by  luultiptying 
134  by  7.  It  required  only  a  few  seconds  to  find  tbc  blank*,  and  tbe 
sublet  began  at  once  his  solution  with  14  and  6  as  the  clew  to  the 
soluthm, 

The  £  Method  in  the  Third  Problem. 
Tbe  subject  began  bj  aaylug  x  into  x  x  ^  «  6  x 

will  equal  I.    Bnt  Ibis  told  him  nothing.  114 

He  tbrn  looked  at  6in  tbc  divjd*t»d  and   13  in   the   qnotient   and   re- 
peated la  ==  a  X  &■    He  dropped  tbisclue  as  it  did  not  am>o«nt  to 
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■oftbiaK-  He  then  mw  tbat  *lx  In  th«  dlvfalind  w&«  the  clew,  a  In- 
to 6  ^uals  3.  Frotn  tbi»  he  ilccMed  thai  3  was  the  ilWitor  and  three 
wa*  the  fitnl  fiEore  in  the  dividend.  Uctc  he  wm  halked.  Me  tbca 
tried  4  in  the  >Vivl»or.  IsipoMiblc  to  fay  jutt  what  wa«  done  here. 
Be  lioKercd  over  tfais  point  for  lome  lime,  lie  then  nmlttplicd  114 
hf  a  to  see  if  it  would  not  bclp ;  but  it  would  not  do.  He  hai!  already 
rejected  3  fram  tlir  liint^t.  He  then  Tetttri)e<l  to  tbedlritor  Htid  tried 
)  OBC«  more  (orvctling  that  it  had  already  berc  trjcclFd.  lie  then 
tried  dMdiait  16  bv  a  with  13  a*  the  quotient.  Tbii  did  not  faclp. 
He  trie*  3  in  the  dlTitoi  once  more.  "Ma*t  have  (cll  tbat  I  maile  a 
Biiilakc  before."  He  then  realiied  that  he  wai  IryiDg  each  diett  in 
•ncceMion.  He  now  tried  4  but  *ooa  rejected  it.  He  dow  felt  tbat  be 
did  not  want  to  [alio*  tt)>  Ihc  Kale  any  further.  But  at  the  same 
time  thin  would  fti\-e  the  correct  reiult.  Uc  now  relaraa  to  114  in 
tbc  quotient  and  Diulliplicn  it  bf  4.  He  was  now  ready  to  try  any- 
tbiaK  to  K't  ■  c^*"K^  ^' 'It*''''  I'c  returned  to  3  (or  the  divitor 
onee  tnoie.  beini;  influenced  by  tbe  a  in  the  quotient  and  the  6  in  the 
dividend,  althouftb  thii  bad  been  worked  out  and  tbe  3  rc|ected  (ram 
tbe  diviaor.  He  now  miw  ih«t  114  iu  tbequoiieiit  wonld  haite  to  l>e 
inultlplied  br  ■omtihius'o  ■>  to  bare  6  in  the  tea's  place  a*  abowo 
by  tbe  6  In  the  dividend.  He  then  tried  j.  £  andaeven  aa  maltiplier*. 
7  gave  the  desired  rv*iilt. 

TAi  A  Mtthad  in  tht  Fourth  ProhUm. 

Aeaaan  M  the  sebject  saw  Ihc  data,  he  divided  594  by  6.  Tbia  Kare 
f  f6r  the  vnltiplier.  Then  9  X  60  -  540,  .i^— 340  -  M-  9  'mo  S4 
••  6,  tbe  mlsslnic  fiRurc  in  the  multipltcand. 

The  B  Method  in  the  Fourth  Problem, 

Tbeintnect'aflrM  thou|i;ht  was  that  tbeniiMlnf;fi|n)reilnust  be  alike 
end  tbat  8  X  S  would  ssti«(y  tbe  coDdltion*.  He  had  a  (eelini;  that 
tbe  miMinK  (ifTDK  in  the  tnnltiplicand  muit  not  be  6.  (or  the  6  a), 
rcodr  in  (be  innltipltcmid  eloacd  ttaedoor  at-ainiii  the  poaaibUity  o( 
•aotter  6in  the  multibUcatid.  But  8  X  B  k"c  64.  This  wonld  not 
do.  With  9  in  Ihc  niulttplier  and  six  In  the  mnlliplicand  the  pro*Inct 
would  be  34-  TbU  «bnwc<l  (hat  he  ninit  have  ;  to  carry.  He  then 
tboufcht  o(  10  X  6,  fint  he  could  MHrccly  ^\  away  (lom  tbe  8  x  B. 
Be  was  then  pushed  into  9  X  6  —  54.  Tbe  6  certainly  inhibited  the 
placing  auotber  6  In  the  multiplicand. 

The  A  Method  in  the  Fifth  Problem. 

The  subject  s«w  at  once  that  tbe  proeet*  waa  subtraction.  76  —  17 
-  59-     The  method  was  sugKested  jutt  ai  aoon  as  be  saw  the  date. 

751*  C  Method  in  the  Fifth  ProMem. 

Theanbfect  tongbt  (or  a  Duniber  which  when  subtracted  from  t6 
wonld  glee  7  for  a  rcmatadcr.  Ue  saw  that  the  niiiaing  nntnber  muet 
be  lareer  than  6  to  give  7  (or  a  remainder.  He  then  added  10  to  6. 
Then  nc  sought  (or  a  aamber  which  subtracted  from  16  would  cqtiel 
7.  This  aaiuber  w>s9.  Bat  he  was  not  satisfied  with  9  tilt  tbe  snb- 
traction  was  cosipletcd. 

The  D  Method  in  the  Sixth  ProNem. 

The  process  is  division  by  a  single  onmber.  Thereli  no  remainder. 
To  secure  4  to  the  iguotienl  tbe  last  6  In  the  dividend  must  become  • 
Ifi  by  carrying  one  ten.    Then  4  is  tiled  in  the  divisor.    The  clue  wea 
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token  from  the  I*«t  6i!urc  in  the  dlvMaDd  and  tb«  last  Sgutc  io  the 
qaoticat.    Tb«  problem  wna  aulvcil  backwaiil, 

Tlie  E  Method  in  ike  Sixth  ProbUm. 

Th«  aabfcct  aaw  ibat  he  must  have  a  large  remainder  after  the  flrat 
dtvUion  !n  order  to  have  9  a*  the  Mcond  figure  )»  Ibc  qaotttiit.  He 
Qmt  iricd  3  (or  the  divlior  and  3  (or  tli«  firai  Ggare  in  tlir  'lividend. 
Tills  would  iiut  do.  Tie  111  en  looked  at  the  end  and  saw  the  divisor 
must  be  an  even  number  or  louieiliiiij!  that  would  divide  •  nimibcr 
ending  inficrcnijr-  He  tejcclcd  s  at  once  for  Ibe  divisor.  He  then 
tried  4  ia  the  divisor  and  7  in  the  first  place  of  the  dividend.  Tbia 
verified. 


Tht  A  Method  in  the  Sr^ettth  ProMem. 

4.    J  +  7  + 1  -  13. 
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The  (ubject  saw  that  4  +  4—8.    i>  —  8 
—  13-0.    3  +  1  +  1=6.     15  —  6  ^  9. 

Tht  C  Melhed  in  the  Seventh  Ptvtlem. 

The  snbject  saw  at  a  t;l«ace  thai  the  misalsg  figure  (n  the  first 
colnmti  mutt  be  4.  He  said  4  -<■  4  are  8  and  4  ■■  II.  Then  said  7  and 
sand  I  "  13.  Tbr  missing  figure  ill  the  necond  column  it  o.  Then 
added  the  Uil  the  Game  as  the  first. 

Id  a  general  way  tltc  solutions  are  upon  three  levels. 
I.  Direct  sul>3tilulu}H.  These  subjects  were  so  familiar 
with  the  (lifTercnt  tiuineiical  combinations  that  the  missiuK  fig- 
ure was.  broURhl  to  the  front  as  soon  as  the  data  were  appcr- 
ccived.  Some  m.iy  wi.sh  to  classify  this  as  memory.  But  is  it? 
In  all  probability  this  was  the  first  time  that  these  particular 
figures  were  ever  given  to  the  subject  in  exactly  this  relaliou. 
To  the  writer's  minrt  it  is  the  simplest  or  limiting  case  of 
reasoning.  The  series  from  it  to  the  more  complicated  cases 
Is  an  unbroken  one,  and  the  latter  are,  so  far  as  I  can  discover, 
but  compoundings  of  such  simple  associations.  In  this  group 
come  those  solutions  marked  C. 

a.  General  PrindpU.  These  subjects  were  not  so  ladle 
with  the  mere  numerical  relations  and  were  unable  to  reach 
the  missing  figures  by  direct  association.  They  saw  clearly 
enough  the  general  principle  involved  but  the  supplying  of 
the  data  bad  to  take  a  slower  course.  The  associative 
processes  operated  within  limit.s  imposed  by  the  "gencnil  prin- 
ciple' '  apperceived.  In  this  group  come  those  marked  A  and  D. 

3,  "Trial  and  Error."  The  subjects  using  this  method 
saw  the  relations  less  perfectly.  They  were  not  consciously 
guided  by  general  principles  but  set  about  fulfilling  the  condi- 
tions empirically.  The  solution  was  often  delayed  and  fre- 
quently the  steps  were  repeated.  In  this  group  are  found 
those  solutions  marked  B  and  E. 

It  should  not  be  concluded  that  the  general  reasoning  pow* 
ers  of  the  subjects  themselves  are  fully  characterized  by  these 
tests.     For  these  groups  do  not  represent  stages  of  develop- 
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meat  Thety{>e  selected  for  the  solutloti  of  ■  problem  was 
detertniiied  largely  by  the  subject's  familiarity  with  the  cootti- 
tioas  given,  Perhaps  all  use  the  method  of  "tri«l  «nd  error** 
when  a  difficult  problem  is  first  attacked.  DuBois-ReymoDd 
quotes  Helmltolti:  who  thus  de.scribe3  his  meiital  processes  Id 
solving  mathcmatico-physical  problems: 

"  I  mu-it  compare  myself  to  a  mountaia  climber,  wbo,  with- 
out knowing  the  way.  mounts  «lowty  and  painfully.  Often  be 
must  turn  back  for  be  can  go  do  further.  Sometimes  tbrongb 
lotuitiou,  ttometimeit  through  accident  he  discovers  a  trace  of  a 
Dew  way.  This  leads  him  forward  again  for  a  short  distance 
uid  fiually  he  reaches  his  goal.  Then  be  discovers  to  his 
shame  s  royal  way  upon  which  he  could  have  come,  if  he  had 
only  been  clever  enough  to  find  the  correct  bcginniug.'* 

CuNRRAL  Conclusions. 

I.     The  psychological  process  of  reasoning  as   stiowo  by 
these  experiments  doe«  not  follow  the  form  of  the   syltugi&m, 
which  is  not  even  fretiueDtly  employed  to  text  the  correctness 
of  the  conclusion.     'This  is  by  no  means  to  say  tbat  much,  or 
even  at),  of  the  reasoning  employed  resiifta  restatement  in  syllo- 
gistic form.     The  logical  forms  arc  like  mathematical  symbcAi 
in  the  ruuge  of  their  applicability  and  also  in  their  abstract  and 
unpictoria]  character.      As  well  expect  to  find   in   3.14159  a 
concrete  picture  of  a  circle  and  its  diameter  as  to  find   in  a  syl- 
logistic statement  a  reconstruction  of  the  psychic   proccMc* 
that  it  symbolizes. 

a.  The  processes  are.  so  &ir  as  coald  be  discovered,  tbe 
familiar  procesi^es  of  association  and  apperception  working  an- 
der  the  special  conditions  of  attention  to  tbe  particular  matter 
in  band. 

$.  Familiarity  with  the  relations  results  in  quicker  solu- 
tions and  in  solutions  that  are  more  direct. 

4.  Tlie  established  habits  of  procedure  have  an  inflttence 
on  the  method  of  attack.  This  was  so  strongly  marked  in 
some  cases  as  to  cause  a  long  use  of  the  "trial  and  error" 
method  when  a  general  principle  was  plainly  indicatecl  by  the 
data  given,  Dr.  H.  U.  Lindley  found  n  similar  result  in  tbe 
case  of  children  in  his  "Study  of  Puzzles," 

5.  The  almost  successful  solution  of  a  problem  often  pro- 
duced mental  •'cramp,"  Because  the  solution  was  so  nearly 
correct,  the  mind  refused  to  try  a  new  plan  or  to  mak«  tbe 
change  of  a  single  figure. 

6.  There  is  eridence  for  believing  that  reasoning  is  often 
an  obscure  iDsi(>ht  or  only  a  guess  with  au  appeal  for  asaistauce 
to  the  method  of  "trial  and  error." 

7.  Some  subjects  stated  that  there  was  present  a  vague  back- 
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groand  which  guided  the  associatioas.  In  some  tostaiices  the 
general  notion  in  the  background  was  wrong,  and  this  led  to 
wrong  procedure  and  to  a  long  delay  in  the  solution. 

But  what  is  the  nature  of  this  "backRround"  or  "mental 
set."  and  what  influence  has  il  on  the  reasoning  process?  Is 
the  "mental  set"  anything  more  than  a  neural  state  brought 
into  activity  by  seeing  the  problem?  Perhaps  we  could  say 
that  there  is  a  general  arithmetical  "prindpte"  persisting  in 
the  "baclcground"  which  determinea  the  associations,  but 
again,  what  is  the  nature  of  this  general  "principle?"  Can  it 
be  anything  more  than  a  geoera)  habit  of  attention  under  cer- 
tain circumstances? 

The  same  problem  may  be  put  in  this  way.  Reasoning  may 
be  defined  as  a  scries  of  successive  limitations  put  od  attention 
and  association.  But  once  more,  what  factors  determine  this 
process  of  limitation?  We  may  say,  in  general,  that  it  is  de- 
termined by  two  thJoga:  By  something  wilhoui, — in  this  case 
the  fiK^res  arranged  in  such  a  way  a^  to  form  a  problem.  By 
Eomcthing  u->MiM,~-tbc  general  knowledge  of  arithmetic  and 
aumerical  relations  and  the  momentary  interest  in  the  solution 
of  the  problem.  These  two  influences  acting  jointly  determine 
the  "tnental  set,"  which  in  turn  controls  our  attention  and  de- 
cides what  course  the  associations  shall  take.  But  even  this 
docs  not  give  us  the  final  word  regarding  the  nature  of  the 
"backcrnund"  or  "menul  set."  For  the  present  this  question 
must  be  left  open. 
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XX.  On  tuk  Rkauing  andMkmobizingoi'  Meaninoukss 
Syllables  Pkhsbmted  AT  lRKEr.t;t.AR Tims  Intskvals. 

By  UAKOARsr  K.  SuiTii.  Ph.  l>. 

The  natural  teiKtency  to  read  disconnected  syllables  in  rliytb- 
mic  gronps  and  the  coni[>anttive  euse  of  menwriziog  rhythmic 
material  are  matters  of  common  observation.  In  the  labora- 
tory studies  made  with  meaningless  syllables,  It  has  been  fouod 
pTacticalljr  impossible  to  avoid  metrical  groupings  even  wheo 
the  syllables  themselves  are  presented  in  strictly  uniform  .tt-rics, 
A  snbjcclive  tendency  toward  grouping  forces  upon  tbcra  a 
metrical  form  which  does  not  exist  in  their  objective  arranj^e- 
ment.  During  the  writer's  experiments  upon  Rhythm  and 
Work'  certain  tests  were  made  with  the  rcadingof  meaoiagless 
syllables,  in  the  coiirNe  of  which  the  <ltlc^liotl  arose  as  to  the 
extent  to  which  objective  inequalities  may  exist  and  s  rhythmic 
groupiug  still  be  maiutained,  and.  as  a  secondary  question, 
what  the  rhythm  secured  under  such  difficulties  itigniGes  to  the 
individual. 

With  a  view  to  answering  the  above  questions  in  connection 
with  voice  rhythm,  at  least,  a  series  of  experiments  was  tnadSJ 
in  the  Psychological  Laboratory  at  Clark  University,  Worcea-' 
ter,  Mass.,  In  the  winter  of  lyoo-igor.  and  though  the  experi- 
ments were  unsuccessful  as  regards  finding  any  order  of  syllables 
so  irregular  as  to  be  wholly  refractory  to  the  rhythmic  impulse 
of  all  the  subjects,  it  seems  worth  while  to  give  a  brief  account 
of  them' 

■RhyilimnB  nod  Arbeit;  Wuadt'a  PkUm.  Slmdun,  Bd.  XVI,    1900^ 

71-I33- 

The  work  was  Hurler  the  i^ciieral  direction  of  Professor  SanTord,  to 
whom  and  to  Frtsli^eui  HaII.  ttie  writer  wishes  tocxprcaa  her  sincere 
thanks  tor  many  bel[iful  iugKeatioos,  as  well  as  foe  the  many  priTl- 
leges  of  Ihe  laboratories,  the  library,  ele. 


MtNOK  STVDIKS. 


I.     Apparatus  and  Mrthod. 


505 


The  material  consisted  of  meaningless  syllables,  wbile  the 
procedure  consisted  in  reading  aloud  these  syllables  as  tbey  ap- 
peared at  irregular  intervals  on  a  horizontal  rotating  c>'Iinder, 
umilar  to  tliat  or  the  Ualtzar  kymograph.  The  cylinder  was 
35  inches  in  circnmfercnce  and  13  inches  long,  and  wns  turned 
by  an  electric  motor  (acting  through  various  retarding  mech- 
anisms) which  cnnsed  it  to  rotate  at  the  rate  of  otie  revoltitioo 
la  nine  seconds.  The  syllabk-s  were  constructed  according  to 
the  general  rules  for  the  Ebbiughaus-MUUcr  syllables'  but  as 
the  peciiliftritles  of  Kitgli^h  voweb  and  dlphthongit  do  not  admit 
of  an  arrangement  identical  with  that  of  German  syllables,  the 
construction  of  the  English  syllables  t:nderwent  some  unim- 
portant modifications.  The  chief  aim  was  to  Hccure  syllables 
whicli  were  not  suggestive  one  of  the  other,  and  which  were  as 
little  OS  im^sible  liable  to  suggest  any  associations  whatever. 
These  syllables  were  written  in  verlical  columns  (twelve  in  acot- 
tinia),  on  twelve  strips  of  paper  (four  columns  on  a  strip)  which 
were  fastened  as  required,  on  the  cylinder  above  mcntione<l.  A 
screen  was  placed  in  frout  of  the  rotating  cylinder.  The  sub- 
ject sat  on  a  cbafr  before  it,  and  through  an  opening  in  the 
screen  on  a  level  with  the  eyes,  he  read  each  syllable  as  it 
moved  pft.*t.  Before  beginning  with  the  chief  series,  the  syl- 
lables of  which  were  written  at  oncqual  intervals,  each  subject 
read  and  learned  four  series  of  syllables  written  at  equal  inter- 
vats  (1.7s  inches).  In  reading  these  syllables  the  subject  In- 
variably fell  into  one  of  the  four  common  verse  rhythms.  In 
all  the  other  series,  the  syllables  were  arranged  at  unequal 
distances  from  one  another.  Though  the  intervals  were  not 
the  same  on  any  two  papers,  a  description  of  one  paper  may 
give  an  idea  of  alL 

Fint  Paper. 

Distance  between  the  1st  aud  and  syllables.  2.615  iuchea. 

Distance  between  the  and  and  3rd  syllables,   1.75  inches. 

DiBtoDce  between  the  3rd  and  4th  syllables,  0.875  inches. 
These  dlMances,  representing  3,  2  and  1  units  respectively, 
Were  repeated  until  twelve  syllables  had  been  written  in  a 
column.  Here  of  course  wc  have  not  absolute  irregularity,  but 
rather  a  complex  rhythm.  On  the  second  pajwr,  the  intervals 
were  again  in  the  ratio  of  3,  2,  i,  but  were  repeated  more  ir- 
regularly.    On  the  third  paper,  the  arraugement  of  intervals 

>Bbbiiif;b>tti:  ITcbei  lUi  Gcdftcbtnts,  LciptJt;,  1885, 
U tiller  u.  SchiiEiiaiiii. 

Mutlvr  u,  SchuTnaoii:  Expeiimentellc  itfitrage  snr  tJiitcrsucbuDg 
dcs  Cediictitiiiiiscs,  LvipiiK,  189). 


So6  suiTH : 

was  tgiin  still  more  irregular,  tfae  distances  varying  from  .635 
of  sa  inch  to  5  inches.  Care  was  always  taken  to  keep  such  a 
di&tance  between  the  syllables,  that  but  one  8>-l)able  crotjld  be 
seen  At  one  time  through  the  screen. 

The  experiments  were  made  with  the  assistance  of  sereo 
coni]>etent  subjecu,  five  men  and  two  women  iticluding  the 
writer.  With  one  exceptiun,  these  subjects  were  all  un> 
ac^iuaiiitcd  with  the  purpose  of  the  expcrimcot.  Before  the 
xtAlfi  were  Rnislied,  each  had  discovered  that  rhythm  was  in- 
volved in  the  reading,  but  no  oik  had  any  idea  that  the  aim  of 
the  tnve&tigation  was  to  determine  the  extent  to  which  irregti- 
larity  among  intervals  might  exist  and  rhythm  stilt  be  tunin- 
tained.  The  expcnmenls  lasted  35  days  for  each  subject,  and 
were  conducted  at  the  same  hour  every  day. 

The  plan  for  daily  work,  after  the  preliminary  days  upon 
which  series  of  syllables  at  rei^iilar  intervals  were  read  aod 
learned,  was  as  follows  : 

J^irsl  Day — Dec.  5,  1900,  8.30  a.  m.    Ptrtt  paper. 

RoiatloB  of  Cylinder,  9  a«coada.  Controlled  Imwcdlately  before  and 
after  every  tot. 

Coti<1u«ior,  M.  E.  S.    Subjeet.  Mr  A. 

t.     Rvadiog  first  Strict  (S  ,  )—ao  R«pctith>n«. 

7.    Reading  •tsroad  Series  (S ,)— 10  Repetitions. 

Second  Day—DK.  6.         .    8.30  A.  X.    Ptrst  paper. 

RotaliDo  uf  Cylinder,  9  McondK. 

I.    (a)     Rciii!:iiiC  of  Sj  until  learned.     Repetitions  necc»iiarjr,   35. 
(b)   T<*t.   RepmducitoB  S  ,  (  TVf^^).    Syllables  reprotlueed.  4. 

3.    (a)    ReailioK  of  Si  uniti  tcBmed.     Repetltlona  aecesaary.  30. 
(bj   Tut.    KcDToduciioo  S)  (oral  leprodnclKHi  of  wbole  aeries). 
Syllable*  reproduced,  la. 

Pause  1  miunlee. 

Second  Paper. 

3.  Readln)!  of  S,  —10  Rcprlttion*. 

4.  Reading  of  S ,  — JO  Repetitious. 

The  work  forihe  remaining  days  was  similar  to  Ibat  for  the 
second  day.  With  four  subjects  this  plan  was  pursued  without 
change.  With  the  other  three  subjects,  the  only  deviation 
was  that  each  person  was  tested  for  a  reproduction  every  day 
directly  after  the  reading  of  each  new  series  (so  Repeliiionji), 
The  20  repetitions  were  divided  into  two  groups,  wiih  a  pause 
of  30  seconds  after  the  first  ten.  This  procedure  bad  nothing 
to  do  with  rhythm,  but  was  a  means  for  resting  the  reader's 
eyes,  and  was  a  help  in  leaniing  the  syllables. 

At  the  close  of  each  experiment  every  day.  the  results  were 
noted,  including  the  introspections  of  the  subject,  aswellastbe 
observations  of  the  conductor. 

The  memory  test  known  as  the  "  Treffer"  was  conducted  as 
follows.  Through  an  opening  in  the  screen,  a  single  syllable 
of  the  series  whidi  had  been  learned  was  presented.     The  sub- 
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ject  was  required  to  mcDtton  the  sellable  which  csmc  next  In 
the  serieH.  Thus  »\x  !>yllahle»  were  presented,  as  a  means  to 
the  reprodnction  <if  ihc  other  six  syllables  of  the  series.  The 
order  of  presentation  was  systciuatkally  varied,  so  that  the 
iitudem  never  knew  what  part  of  the  .series  would  be  presented.' 
The  memory  teste,  though  systematically  carried  out,  bad,  of 
course,  nothing  to  do  with  the  rhythm,  except  that  they  gave 
greater  purpose  to  the  reading,  and  directed  the  reader's  att«a- 
Iton  away  from  the  rhytbm. 

The  rhythm  resulliiiK  ffom  the  reading  was  recorded  as  U 
was  judged  by  the  conductor.  A  certain  oontrol  of  this  judg- 
ment was  attempted  by  means  of  separate  kymograph  records 
of  the  readinju;  of  etch  subject,  but  the  main  reliance  is  placed 
npoH  the  subjective  judgment  of  the  conditctur  of  the  cxperi- 
meut.  lu  a  strict  sense,  therefore,  the  results  might  be  sup- 
posed to  be  influenced  by  the  rhythmic  tendencies  of  Imth  the 
subject  and  the  experinientcr,  but  the  kymograms  give  suffi- 
cient ground  for  thinking  that  the  conductor's  judgments  were 
in  the  main  correct.' 

The  following  table,  cox-ering  the  tests  of  a  few  days  with  a 
single  subject,  will  give  some  idea  of  the  observations  made 
and  the  results  with  reference  to  rhythm 

Wiibooe  exception,  to  be  mentioned  Inter,  the  experiment  for  wliicb 
•  part  of  the  reconl  i>  kIvcii  below,  w*s  the  le-iiHI  (AtUfaclory,  in  rc- 
gBid  to  rhythm,  of  any  that  were  made.  Rvadin);  from  tliu  rotating 
cyliiiilcr  was  bsfd  for  Mr.  K.  Tbc  motion  confused  bi«  vUion,  white 
the  proDUUcUtioii  of  incatiinKlea*  tylUbles  wan  very  dlfficnll.  At 
■Imoat  every  teat,  the  effort  iovotved  waa  bo  gri-at  bb  to  he  dlBagree- 
able.  NotwilhalaDdiag  the«c  di£GcuUie«,  a  coQSlant  cfioft  to  make 
nntqual  Interval*  t<|ual  was  to  Iw  obierved.  After  some  faHltly  had 
been  attained,  rhythm  alwaya  appeared.  With  the  pCTCepilou  ol 
rbyttam  came  pleasant  feeling,  and  a  senaalion  of  relief.  Tbe  learn- 
log  of  the  four  lorica  oti  one  paper  Te(|ulred  for  Ur.  K.  frotn  30  to 


'MUlIer  n.  Sctavnumn:  BeilrOge  lur  UnteraBcbang  de*  Gc^lScbt- 
afMca,  I^ipilK.  i!$9i). 

*Thvsc  Icymogrami  were  secitrcil  in  tbc  folloiring  way:  After  rcad- 
tD({  one  of  tbe  Bcrica.  another  paper  with  tbe  same  apacinga,  bat  con- 
taiaing  other  ayllable*,  wni  pat  on  the  btau  cylioder  which  rotatei) 
•a  uiual.  After  some  rcpctitlona  (or  prfl<-l)cc,  the  subject  read  the 
•ylUbles  into  s  amall  funnel  connected  by  rabber  tabing  with  a  lam- 
faonr.  The  vtbratioD*  of  tbc  elaatic  uembiauc  of  the  tamboar  were 
conveyed  to  a  pen  whicb  inacribtd  tbc  movement*  on  a  paper  ou  a 
aecond  kymograph  cylinder.  Tbe  re«ulting  kymogratat  showed  the 
readet'a  groaping*  of  the  cyllablc*.  In  every  cat«,  the  bymoKram 
fhowcd  •  thytnmic  croupinK  whicb  apon  tbc  whole  aj^reed  with  tbe 
impieaalon  recetvcd  by  the  conductor  at  tbe  ref-nlar  rca'Uut;.  Owing 
toadiScalty  in  finding  luitable  explosive  conKmants  for  the  begin- 
ning and  end  of  the  syllablct  thai  were  read  into  tbc  funnel,  the 
kymogram*  were  not  alwaya  eaay  to  decipher  in  detail,  whicb  prob* 
ably  account*  for  •owe  at  least  of  ancn  dlBcreacea  «■  appeared 
between  tbe  conductor's  record  and  tfaoac  of  tbc  kymograph. 


Subject,  Mr.  K. 
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60  repelitioD*  of  each  seiie*.  Tbe  subject  pr^fcrret]  to  group  tlic  ^rl- 
Ikbles  JD  tlirc«a,  but  va*  *eldom  able  to  do  •«.  Upon  tbe  wbole  tne 
troctuiic  RroupttiK  prcdomiDHlCil.  With  Olber  »abjccu  tbe  tame  tciU 
gave  ilifEcrcnt  icsults. 

Froia  the  bcKinninff  Mr.  M.  lecored  a  dUtiact  iambic  meuure.  To 
do  tbia  be  was  oMig'^d  l«  make  many  modi  lint  iotii.  m>  tbnl  Itle  effect 
was  mark«dl)'  JiUcrent  froui  the  OT'iinarr  verse  lueafiire.  Where  tbe 
aimilarfty  to  rcrae  tbjrtbn)  was  lost,  a  rcsembUucc  to  a  dancitig  move- 
niciit  wa«  to  be  obcerved.  Kroin  ij  to  35  Tepctilion*  were  necessary 
for  Itie  leamliiKo'  *  aerie*.  With  oiic exception,  thia  waa  tbe  amalletl 
numbcT  of  rcpctilioD*  made  by  any  subject. 

Mr*.  K,  also  read  in  dittincl  iambic  measure.  In  order  to  eqnaliie 
tb«  Interval*,  tbe  mcmoriied  rcrtain  «r)UMc«  at  tbe  lir«t  or  Bccoad 
readiPK,  and  tbeu  brongbt  them  in  as  nbe  needed  Ibem  to  make  tbe 
measure.     Tbe  reaultiti);  Iambic  meAsare  waa  ua  lollowa : 


Ttila  teat  luilicatcd  that  the  Intervala  tietweeu  the  mcmtxTS  o(  a 

?'n>up  and  the  interval*  between  tbe  groups  Ibemselves  are  rcry  dif- 
erciit  milicra.  If  cltbor  act  of  iiitcrvnlt  he  ccjualir.cd.  tbe  rhythm  la 
marked.  If  both  eels  be  equatiied  tbe  tbytbiu  1*  smoother,  bat  not 
neceaaarily  more  mu«ica1.  Prom  the  inequalities  ot  tbe  time  interrals 
Urs.  K.  inferred  the  incc]ualjtle*  of  tbe  opncc  iniervala.  By  reason  of 
the  conttant  rbytbm  maiiilatueil,  Mrs.  K.  learned  each  acrira  mor* 
quickly  than  auy  of  the  other  subjects. 

Another  snbjecl,  Mr.  T.,  louiid  the  reading  of  the  same  syllables 
very  diflicntt.  He  reported  a  "feeling  of  filrain"  in  iryiiiR  t<>  catch 
the  passiu)!  sylUblei.  The  nneounl  intervals  were  tbe  source  of  some 
nnplcasant  feeling;  which  tbe  subject  did  not  trace  to  the  ri][ht  source. 
He  tboagbt  that  tbe  Dnmber  of  syllables  was  not  tbe  aanie  Id  all  the 
series.  AltbouKb  be  read  tbronftbout  in  trochaic  measure,  bis  man- 
ner of  reading  varied  t-reatly.  His  meB»nre«  were  ehaTactcriicd  by 
pauses  and  shades  of  accent  that  come  nuder  no  known  rules  of 
rhythm.  To  hioi,  Icaruing  the  ayllnble*  was  very  diiScult,  end  very 
un'pleaaant.    He  resented  tbe  demand  on  hia  ntteiitlon. 

Mr.  L.  found  tbe  same  syllablea  easy.  He  r«ad  coasUntlr  'o 
iambic  ntcoanre.  He  knew  nothiof;  of  tbe  purpose  of  tbe  experl* 
tnents,  yet  he  coitfttantty  ulkcd  of  rhythm.  Me  found  the  irretculari- 
tlea  very  amuHlng.  Tbe  rate  ot  rotation  (if  seeouds)  was  too  alow  for 
bim,  to  that  he  made  many  fanlaatlc  atsoctalioni. 

Another  subject,  Mr.  A.,  secured  a  distinct  rhythm  by  a  procedure 
dlfierent  from  that  of  any  olber  perHon.  He  grouped  in  twos  and 
threes,  often  securlnx  the  accent  by  subititnltog  time  for  stress.  H« 
was  always  succ«m(u1  in  seeming  an  adnptalion  of  sound  and  time  to 
the  space  intervals  of  tbe  series.  To  bim,  tbe  difboiittles  ari*li;|;  from 
nneijaBl  intcrenli  were  entirely  snbji-clive.  lie  believed  thai  he  vol. 
nnuuily  created  the  effects.  T^ic  nicai-uTc  tecurcd  was  agreeable,  and 
amuting,  and  aided  in  very  accurate  memory  work,  Tbe  «ubjccl  taid, 
"Tbe  rhythm  i*  divided  Into  twelve  unequal  parts,  and  tbe  task  is  to 
make  tboae  part*  equal.  Yet  it  is  a  time  and  not  a  ap^^e  equality.  A 
sew  arrsnt;emeiit  cantes  a  feeling  of  uncertaintr,  a  *lif:hl  aunoyanoc 
at  not  beins  able  to  run  nt  once  iuto  nn  old,  or  indeed  Into  any 
rbytbm.  This  somewhat  unpleatant  fceliUK  i*  tempered  by  a  curio». 
Ity  as  to  what  can  be  done  with  the  rhythm.  Wbcn  one  caooot  read 
the  new  scriea  a*  tbe  lost  was  read,  niKntaintr  and  annoyance  fol- 
low. After  some  effort,  tbe  rhythm  •citle*  iltelf.  Satisfaction  nriset 
and  tblogs  become  cat*."  In  reading  tbe  tenth  paper,  the  fir^tclicbt 
repetitions  gave  no  satisfactory  rhythm,  finally,  aomething  like  tbe 
following  was  secured    |— )  —  |  —  s.,  —  (  —  |  —  |  —  ww  |w  —  |. 
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This  U  not  BTCTM  rhythm  of  course.  The  anbject  reported:  "The  long 
intervnli  bclirec!)  (be  lirsl  two  nylUblc* broke  up  my  prcviooB  method 
ol  groiip:Q]{.  Tlie  long  IiiicivhU  iletcrnlacd  uuc  kitiilol  foot,  the 
abort  one*  quiie  aQotlier  kind.  The  ilifficuttjr  o(  bringing  tbe  aylU- 
ble«  to  a  ■atiifacloT}'  stop  nt  the  end  wax  a  aoarce  of  diacomfort.  It 
WM  like  •  atraiti  ol  mnilc  cntlrclj  iinpliraacd,  do  cadence  snj- 
wbere."  The  CToapinic  varied  (roin  sinsle  airltablea  to  anapaeat*. 
mad  dactvli.  In  the  latter,  time  instead  of  atreaagarc  Ihc  eHect  ot 
■CC«DI.  The  ainxtc  tylUblct  were  read,  each  Jn  tha  tiinc  of  the  croup 
of  ttarcv.  The  Iambic  foot  at  the  end  waa  made  merely  to  aatialy  the 
ear  of  the  aubject.     In  the  eleventh  paper,  the  following  rhythm  waa 

a«ctired.    [  —  —    |  —  —   | I  —  |  —  ---I  —  ---I  —  t-   The  objective 

apadng*  were  very  naeqaal.  The  whole  effect  of  reBolarity  and  equjal- 
ity  «-Bi  lecurcd  by  the  voice.  In  the  twelfth  paper,  the  tntcrvala  varied 
from  thrce-(ourtti«r  of  nu  loch  to  Tive  lachea,  yet  every  »c(iea  waa  read 
ia  trochnlca.  The  loaxeat  intervals  being  at  the  end  of  the  pAper,  the 
last  sylUtitd  were  leiiiicd  by  hrnrt,  aud  hrooght  in  at  the  right  t{m«. 
The  Icumini;  of  a  Mrie*  teiuircl  (rom  t$  to  SS  repetitions. 

The  last  s«l  of  testn  in  this  part  of  the  experiment  waa  condncted 
by  Dr.  Sanfori),  Ihe  conductor  of  the  former  teita  beinK  now  aubject. 
Ou  the  lint  paper,  the  interval*  were  equal,  yet.  until  the  aercntb 
rcaditiK.  noseliled  rhythm  app-ared.  Then  there  aeemed  to  be  a 
riling  and  (nltiuK  ar4-cnt  upon  the  first  aiul  aecood  ayllabica  of  each 
pair.  thua.  |/\|  /^l  ^liti^t  {1  1  \  iil-  In  the 
aecood  paper,  the  meaatire  aeemad  to  be  iambic.  The  ayllablea  of  tbe 
third  paper  aeemed  to  (all  inio  triple  time,  thni,  |  ^  £  ^  I  ^  /  N 
I  -;  /  \  I  /  /|  i:  I  .  Later,  the  rcadiUK  aeemed  to  approximate 
ana paeata.  or  Iambic*.  The  aubgect  reported  :  "Tbe  apac««  between 
the  ayltablea  appeared  to  be  equal,  but  aome  ayllable*  appeared  to  bt 
unduly  hs«ti'iici!.  while  others  were  delaycji.  Waa  dlalutbed  by  tbe 
fear  that  I  should  nut  Jiuitb  the  teriea  in  time.  In  certain  rclatloaa, 
aome  tvllabteaare  difficult  to  pranonnce.  The  syllable  'war'  foUow- 
iuK  *  dlfTicuIt  syllable  waa  almoat  aDproaottucGablc." 

Thcx  tests  constituted  th«  main  pan  of  tbe  inwMtigadOD, 
and  as  concerns  the  question  of  a  limit  of  inequality  and  irrega- 
laiity  of  intervals  in  counecliou  witli  voice  rhythm,  IckI  to 
wholly  negative  results,  Evtry  subjed  tried  of  hU  own  actord 
to  maiie  unequal  intervals  e^ual.  or  at  least  lo  redtue  lAem  to  some 
rhythmiial  grouping,  and  ea<h  iuieeeded.  Each  one  strov*  to 
ttatre  a  rhythm  a^rreabU  to  the  rar,  and,  be/ore  any  learning 
enUd  be  done,  this  had  to  be  ucured. 

II. 

Because  of  the  failure  to  obtain  a  definite  answer  to  the 
question,  Dr.  Sanfuid  ]>ro[)0!ied  a  scries  of  tests  in  which  the 
syllables  should  be  presented  still  more  "antirrhythmically,*' 
/.  «.,  the  ineijtialit ies  of  the  intervals  sliould  be  greatly  {q> 
creased  and  should  not  recur  even  in  the  twenty  repeiitioos  of 
the  series. 

Six  series  of  meaningless  syllables  (twelve  syllables  la  e 
series)  were  arranged  on  a  paper  thirteen  inches  in  width  and 
forty-two  feet  in  length.  This  length  allou-ed  the  repetitloo 
of  each  scries  twenty  times,  at  distances  between  the  syllables 
that  were  never  twice  the  same,  and  variec)  from  threc-fourtha 
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'  of  an  inch  to  ten  inches.  TbU  variation  extended  to  the  dif- 
ferent series,  no  two  of  which  were  arranged  in  the  same  way. 
The  iiyltables,  similar  in  coiistructiou  lo  those  used  in  the  pre- 
vious  tests,  were  printed  instead  of  written.  Blnnlc  pnper  four 
feet  in  length  was  attached  to  each  end  of  the  long  paper. 
This  strip,  now  fifty  feet  long,  was  rolled  tightly  on  the  cylin- 
der. The  latter  being  set  in  motion,  four  feet  of  bhink  pAper 
first  rolled  06F;  then  the  reading  of  separated  syllables  ihrotigh 
an  oixrning  in  the  screen  Ix-gan  and  continued  until  the  whole 
fiAy  feet  had  been  run  off.  By  the  time  the  whole  strip  had  been 
run  off.  one  .series  had  been  read  twenty  times.  The  paper  being 
readjuKted,  the  next  series  wait  read  in  the  same  manner  as  the 
preceding  one.  Two  new  series  were  read  each  day,  and  the 
learning  was  tested  aa  before. 

The  point  was  to  6Dd  whether,  with  the  increased  and  anre- 
peated  inequalities,  the  subject  would  still  read  rhythmically. 
Of  the  set  t>f  subjects  who  served  in  tile  earlier  te.sts.  six  were 
also  employed  for  the  new  ones.  In  addition  four  new  subjects 
were  aelected.  who  bad  had  no  ex)M:rieiice  iu  worlc  of  this  Icind. 

The  results  will  be  sufficiently  clear  from  the  individual 
reports; 

Mr.  K  ,  who  had  found  the  previous  work  stifficiently  trying, 
found  this  confusing,  anooyiug,  and  very  difficult.  Towards 
the  close,  some  signs  of  rhythm  were  perceived.  The  learning 
was  very  imperfect. 

As  iu  the  previous  tests,  Mr.  M.  re&d  in  distinct  iambics, 
and  learned  easily. 

Mis.  K.,  as  before,  read  iu  stnmg  iambics,  and  learned 
quickly. 

Mr.  S.  found  more  difficulties  than  before,  and  could  not 
learn  until  something  like  trochaics  was  secured. 

Mr.  A.  found  more  difficulty  than  in  the  previous  work,  but 
after  securing  an  anapaest  mo%'ement,  he  learned  readily. 

On  the  first  day.  Mi.ts  8.  had  a  distinct  sensation  of  rhythm. 
Later  she  seemed  lo  read  in  iambic,  anapaest,  or  dactyllic 
movements. 

Mr.  H.  (one  of  the  new  subjects)  had  very  little  sensation 
of  rhythm,  though  he  finally  grouped  in  twos.  He  conUl  not 
learn  the  syllables,  hut  thought  that  he  could  have  done  so  by 
singing  them. 

In  reading  the  same  series,  Mr.  H.'s  aon,  a  boy  of  thirteen, 
read  in  Iambics  at  once.  This  subject  knew  nothing  about 
the  oocqual  intervals,  but  was  annoyed  by  "something  that 
broke  the  beat,"  so  that  he  could  "hardly  get  the  syllables 
back  into  order."  Me  said  "it  was  like  men  stepping.  The 
bond  played,  and  something  came  and  broke  the  march.  Sev- 
eral men  kept  time.  They  broke  step  suddenly."  Toward 
the  close  of  the  tests,  this  boy  sang  the  syllables  in  dactyls 
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and  k«pt  time  %-ery  well.  The  singing  was  <]uite  spontuieous. 
This  liut  played  hit  way  tbrough  the  tests,  aod  enjoyed  the 
reading  greatly. 

Another  oftbe  new  subjects  f^uped  the  syllables  in  threes 
hy  beating  with  her  finger.  Her  perception  of  rhythm  was 
very  slight. 

The  last  of  these  subjects,  Mr.  S.,  swayed  his  shoulders  to 
some  rhythmic  movemeut  which  he  located  iu  the  screen. 
Otherwise  be  bad  a  very  alight  perception  of  rhythm. 

III. 

In  summing  up  the  results  of  this  investigattoo  into  the 
limits  of  the  inequality  and  inegularity  of  intervals  in  connec- 
tion with  the  rhythms  of  speech,  it  may  be  stated  that  each 
subject  tried  to  equalize  unequal  interval.  Of  eleven  subjects, 
nine  had  a  distinct  imprcs.<tion  of  rhythm  resulting  from  a 
greater  or  less  equalizing  of  the  intervals.  The  other  two  sub- 
jects had  but  vague  inii>re.'U(ifms  of  rhythm. 

Some  of  the  devices  for  securing  equality  were  as  follows: 

I.  Certain  syllables  were  memorised  at  the  first  rending. 
Later,  these  syllables  were  vpoken  before  they  apjujitrcd  at  the 
opening  in  the  screen,  or  they  were  held  back  and  spoken  after 
they  had  paaaed.  This  hastening  or  delaying  of  the  syllable 
was  according  to  the  need  of  the  individual. 

3.  Manner  of  articulating  became  a  factor  in  equalizing 
intervals.  Quick,  distinct  utterance  of  a  vowel  lengthened 
the  interval,  while  holding  it  with  a  glide  shortened  the  inter- 
val. 

5.  Sometimes  the  suspension  of  the  rhythm  had  the  eSect 
of  eqiinli^ing  the  intervals.  This  differed  distinctly  from  a 
pause  between  feet. 

6.  Beating  time  with  hand  or  foot  while  reading  was  an 
Important  factor  in  securing  and  maintaining  equal  interval!), 

7.  Repetition  of  the  series  was  a  great  aid  in  securing  regu- 
larity and  equality  among  inlervab.  It  wo.'*  also  a  means  of 
developing  an  apprehension  of  rhythm.  The  equality  was 
not  determined  by  the  shortest  inlen'al,  but  by  some  one  inter- 
val to  which  the  others  could  \k  the  most  easily  adapted. 

Grnbrai.  Orskrvations. 

Exeefling  Mr.  H..  who  had  no  Ihrorift  rft^arding  Hiylhm,  the  stUh. 
Jeits  aii  MUvtd  that  wilhoul  orderly  tfiteiJi  mottmftlt,  and  ap- 
proxitHalttv  rqiial  inUrvah.  reguiarly  smtctedine  one  anoihe-r.  the 
Uaminf!  of  a  terUi  0/  syHal>Ui  n^j  imfieiiMf.  When  the  apprehen- 
sion  of  rhylbnt  atcomfanifJ  such  movemtnii,  the  htti  omdition  /or 
Itarning  ffiilrd. 

Some  of  the  siibtecto  ftppr«fiate4  ihc  imoorUiice  of  kcepiog  one 
ibytbm.  Mr.  M.  aud  Mrs,  K.  e»tftb1l»faM  8U  Iambic  rttytlim,  and 
omiiilniiicil  it  throuKhout  llieir  iroik.  Tbciic  two  learnctt  with  lauch 
greater  caie  than  thotc  who  Bliowcd  grvntCT  TOTtatiOD*  in  rhythm. 
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After  tlie  pleaaant  fccliBg  resnlting  from  ihj>tbiii  Iim]  l>««n  once  ex- 
pctiei)c«<l.  it  c*m«  to  t>e  iceat'Ud  as  v«ry  imporuiit  Ju  learning, 
while  tbe  UQp)e*Mnt  feeling  rctuttinic  froia  Irrcgolarltr  aud  conrn- 
•ion  was  ap  abaolntc  Uimlranre  to  the  iame  work. 

AlthoDKh  th«  leamiag  of  the  syllabic*  vas  the  chief  niin  of  all  but 
ODCof  the  inbjectt),  the  coiit^-ious  rlluit  vta*  <)ire<:t«l  mainly  to  tb« 
equalisation  of  the  Ititeivalt,  After  ■  rbylhin  wsi  eatabUshed,  ita  ten- 
dency to  persiit  and  to  ilomiiiatc  the  mcdtnl  tiBtc  was  marked.  So 
long  Ma  rbythin  rcinaiiicil  unc-|iaiii;eil,  the  «uh«tltuliou  of  one  letter 
for  anulber.  at  the  tieifinniti);  of  n  nytlalite.  wa*  almost  impossible.  A 
■yllable  miipronoancctl  at  the  hcKiiiiiiiif;  of  the  work  niutl  ccmaiii  to 
Ibtotighout  ibe  test.  Alio  the  rhythm  of  one  Mrles  bail  a  tetideiicj 
to  dominate  the  next  icriea.  A  total  change  of  intetval*  did  not 
alwavi  iosuie  a  cban|;e  of  rbythnt.  Tbi*  was  ctpecially  showu  in  the 
woik  !■[  Mr.  -M.  ami  Mis.  K. 

In  these  leflt».  both  primitive  <«liic1e)  and  cotnples  rbytbins  were 
developed.  As  a  role  the  primitive  rhylhm  when  deveioncd  ras 
tfarouK"  tbe  whole  wrien.  bnl  saiuetinics,  owiiiK  lo  the  iiirqnalltiea  ol 
IbeintcrTali,  in  iheaanMacriea,  a  curloui  mingling  of  simple  and  com- 
plex rhythms  might  occnr. 

In  r^adliix  '"^t'>  primitive  rhythm,  no  Ktresi  in  placed  on  the  »ylla- 
bles,  Tbe  rhytbmic  expression  ii  »ecnr«d  by  the  managemetit  of  the 
iutervals  between  the  syllables.  The  subiccc  rentiicd  the  ninnolnny 
of  this  T<a<lii>i:.  a"'l  0*  i^ooii  an  Inrilily  wai>  ureatcd.  innde  aii  cSort  to 
avoid  it.  The  firal  reaction  H>;aiDSt  "level"  reading  was  shown  in  a 
tendencT  to  accent  every  syllable,  a  procedure  only  lea*  tedioua  than 
theotiT  It  supplanted.  Jii«l  here  niobe  the  neccstily  forKronplnf[.  The 
limitation*  of  respiration  madeitimpo*tlble  to  ai-cent  more  than  three 
■ylUhles  vrith  one  btcnlh.  A  stronK  norcnt  on  rnch  member  of  a 
group  involved  still  more  frequCTii  inbittatlODs  of  breath.  Tbe  un- 
trained sabjcct  was  obliged  to  take  a  breath  at  the  end  of  every  two  or 
three  lyDablcs.  Tbcie  peculiarities  of  breathin);  are  ahown  clearly 
on  the  kymojKiamB. 

Tbe  next  step  from  a  limnte  towards  a  more  eomptes  rhythm  con- 
tiited  in  ifronpinj:.  and  placinK  an  equally  strons  acnnt  on  cacl) 
member  of  theKroup.  After  mine  re  pet  it  ion  a,  the  suDjcctaC  except  Mr. 
U.J  all  showed  a  tendency  to  accent  some  one  member  of  a  jfronp, 
especially,  so  that  the  rffecl  of  vcne  ihylbm  woa  secured.  Of  acven 
•nbiecta  wbo  *erved  lor  tbe  regular  experiment*,  four  grouped  mostly 
in  lambici,  and  three  mostly  in  trocbaici.  In  Iheeitr*  testa,  only 
the  yODUKCSt  of  tbe  new  subjects  read  in  iambic  measure.  Amonx 
the  snbjects  (or  tile  rcgnlor  Tefils,  two  read  exclusively  in  iambic*,  atid 
one  nearly  alwayi  in  trochaics.  The  other  lubjccts  read  more  or  less 
(n  dactyls  or  anapaests,  tbou|th  they  acem«d  to  prefer  iambics  or 
troclialc*. 

The  esigen-ctes  of  the  irregular  arrangement  often  made  neccaaat; 
a  gronping  thai.tboDKb  ibyihmic,  bet«n|[e<l  to  no  one  of  thcfour-venw 
rhythm*.  .Vt  lime*  three  of  the  (onr  typKal  i&e«siirea  were  combined, 
while  at  other  lime*,  the  reading  involved  one  or  two  of  the  regnlar 
mensnrcs,  together  with  Kraupa  of  evenly  aecentod  ayllahles.  and 
«*«n  with  isolated  members  tiroiiicly  accented.  Often,  while  thecon- 
Tentiooal  group  was  preserved,  the  rhythmic  eBect  wat  dotnlnated  by 
the  single  syllables.  In  three  case*,  the  rbylbw  was  like  that  o(  K 
dancing  movement. 

The  mnsical  effect  of  tbe  anspawBtlc  and  dactyllic  measures  was 
greater  than  that  o[  the  Iambics,  and  trochaic*.  With  the  three, 
part  mesauras,  the  learning  of  the  Mrics  wan  no  more  ilifBcnlt  than 
with  the  two  part  measures,  bnt  with  the  former  the  reproduction  of 
•y liable*— after  an  interval— was  mnch  leu  ccrlalu  than  with  tbe 
latter. 
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Splooiit's  pr<x>r^<'  more  g^^i^m^frictt  uni  bis  great  labors  to  re- 
duce all  the  KtatemenU  of  tiisetbics  to  this  form,  have  o(teD' 
times  Minded  the  student  to  the  inie  moderDity  of  bis  ideaa. 
To  Sad  peering  out  from  his  stilted  phraseology  and  labored 
demotutntlon  a  theory  of  the  origin  and  de\-eloi>a)cDt  of  tlie 
miod  that  i*  esacatially  modem  aud  that  forecasts  much  of 
modern  method,  is  an  interesting  experience,  en>ecially  when 
wc  renlixe  thnt  this  was  probably  the  theory  which  he  employed 
unconsciously  in  everyday  life. 

With  Spinoza's  general  theory  every  one  b  familiar.  There 
is  bnt  one  substance.  God.  which  manifests  itself  under  the 
two  attributes  of  thought  and  extension.  These  two  attributes 
run  parallel  to  each  other  in  all  their  modes,  and  hold  do 
caosal  relationship  to  each  other  except  as  they  are  each  re- 
ferred to  God. 

Here  at  the  very  beginning  we  see  an  interesting  obscurity 
In  Spinoza's  thought.  He  .«.iy.«  distinctly  that  mind  and  ex- 
tension are  not  different  subsianocs  but  the  same  seen  under  8 
di6erent  attribute.  Is  it  not  then  quite  as  unsuitable  U>  speak 
of  a  parallelism  between  them  as  of  a  caus.il  relation?  Ought 
we  not  rather  to  say  that  when  God  reveals  himself  as  tbongbt 
then  (hi*  extension  appcnrs?  But  leaving  thU  aside,  if  be  ad- 
mits that  there  is  but  one  substance,  how  can  he  deny  a  catiaal 
relationship  between  alt  forms  of  this  substance? 

Taking  the  theor>'  more  in  detail  and  rearranging  the  order 
in  which  Spiuoia  gives  his  proofs  in  order  to  show  the  parallel- 
ism between  him  and  modern  theory,  we  get  the  following. 

In  Part  3,  Props.  6,  7  and  9.  Spinoza  states  that  everything 
endeavors  to  persist  in  its  own  being,  and  that  this  endeavor  is 
its  actual  csscacc.  When  referred  t<i  the  mind  solely,  the  en- 
deavor is  called  will;  when  totbcmiDdandbodyinconjunctiuD, 
appetite,  and  when  the  mind  is  conscious  of  its  endeavor,  the 
considousness  is  desire.  What  would  Spinoza  call  the  endeavor 
when  referred  solely  to  the  body  ? 

The  similarity  of  this  to  our  modern  Idea.  Is  very  striktog. 
We  tend  more  and  more  to  look  upon  our  mind  as  it  functions 
to-day  as  the  residuum  of  countless  efforts  at  self-preservation. 
One  theory  that  b  very  commonly  accepted  states  explicitly 
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that  tniad  arose  in  the  effort  of  the  body  to  preserve  itselT.  and 
thai  when  no  further  efforl  is  necessary,  mind  retires,  This 
again  makes  striving  the  essential  feature  of  the  mind,  the 
matrix,  so  to  speak,  out  of  which  are  diflerentiated  later  thought 
and  feeling. 

This  also  is  Spinoza's  idea,  for  be  goes  on  to  say  (Part  3, 
Props.  1 1  and  12}  that  sinc«  the  es:iencc  of  the  mind  i»  will  or 
the  attempt  at  self-preservation,  wc  shall  have  pleasure  in  the 

E>assage  to  a  greater  perfection  and  pain  in  the  passage  to  a 
esser  one,  and  we  shall  endeavor  to  conceive  only  the  Brat. 
The  modern  pleasure-pain  theory,  while  it  realizes  more  fully 
than  Spinoza  could  the  difficulties  in  the  way  of  accepting  this 
Idea  unreservedly,  still  has  no  better  general  theory.  It  too, 
says  that  on  the  whole  pleasure  is  the  sign  of  well-beiug  and 
pain  of  harnifulncss  to  the  body. 

These  general  assumptions  that  Spinoza  makes  with  regard 
to  persistence  and  to  pleasure  and  pain,  make  his  theory  essen- 
tially an  evolutionary  one,  in  spite  of  hi5  cfTorts  to  make  it 
mathematical.  And  yet  this  very  endeavor  to  employ  mathe- 
matical demonstration  U  one  proof  of  his  modern  spirit.  If, 
instead  of  geometry,  he  could  have  used  such  forms  as  now  are 
cmplojred  both  in  our  physical  and  psychological  laboratories, 
he  would  have  had  the  exactness  for  which  be  so  longed  with- 
out at  the  same  time  petrifying  his  theory.  But  he  was  too 
early  in  time  for  those  forms  of  mathcmnticH. 

When  we  take  op  more  in  detail  Spinoza's  theory  of  knowl- 
edge, we  see  even  more  clearly  both  hi.i  closeness  to  the 
modem  spirit  and  his  separateness  from  it.  He  does  not  argue 
85  to  the  origin  of  knowledge.  He  assumes  it  in  Part  2,  Axiom 
3,  where  he  says:  "Modes  of  thinking,  sticb  as  love,  desire  or 
any  other  of  the  passions,  do  not  take  place  unless  there  be  in 
the  individual  an  idea  of  the  thing  loved,  de.sired,  etc.."  and  in 
Prop.  13,  he  says  and  demonstrates  that  "The  object  of  the 
idea  constituting  the  human  mind  is  the  body,  in  other  words, 
a  certain  mode  of  extension  which  ncmally  exists,  and  nothing 
else,"  and  in  Prop,  11.  "The  GrsX  element  which  constitutes 
the  actual  beingof  the  human  mind  is  the  idea  of  some  particu- 
lar thing  acttully  existing." 

That  is.  the  world  of  extension  is  the  object  without  which 
the  mind  would  have  no  Ideas,  ttiat  is,  actually  no  existence. 
Surely  this  comes  very  close  to  being  a  sensationalistic  tlieory 
of  knowledge,  in  spite  of  a  formal  assertion  which  be  makes 
later  on.  For  all  practical  purposes  it  is  both  sensationalistic 
and  causal,  as  one  can  reason  from  mental  to  bodily  effects  and 
from  bodily  to  mental  with  complete  accuracy.  What  he 
really  is  saying  is  that  without  some  matcriiil  with  which  to 
work  the  miud  could  have  no  existettce,  and  this  material  most 
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be  the  otlm'  Atiribate  of  God,  the  oat  sobstance.  If  God 
stands  read)'  to  dis[>lay  a  cenaio  mode  of  extension  every  tiiDC 
that  there  is  a  ceiuin  mode  of  tboagbt,  it  Barely  is  act  Eb 
from  being  a  practical  cause  and  eSfm  rdatton  between  tbt 
two.  thou^b  it  does  seem  idilicr  hard  oo  God  to  make  bim  ioU 
a  gy-bctwccn. 

Since  the  object  of  the  bumaD  consdoasacss  ts  only  the  bodjr, 
tb«n  the  mind  (Part  2.  Props.  14  et  jcf.)  vrill  perceive  tfatngi 
in  proportion  as  tbc  body  is  capable  of  receiving  impresstoos: 
the  ideal)  tbat  we  bave  bear  a  direct  relation  to  tbe  naniber  and 
delicacy  of  the  seiue-orguis  and  to  otir  general  bodily  stmcture. 
What  we oonsiderourktiowledgeofexteroai  nature  is  in  reality 
far  more  a  knowledge  of  uur  own  bodies.  To  take  a  modem 
instance,  if  wc  say  a  book  is  heavy  we  mean  that  our  muscles 
react  in  a  certain  way  for  which  our  mind  has  a  certato  Dame. 
Aoother  person  may  say  th»t  tbe  same  book  is  light.  Tbc 
qnality  of  tbe  object  is  really  due  to  tbe  cooditioD  of  otir  sense- 
orpn. 

This  is  tbc  beginning  of  Berkeley's  idealism,  one  would  say, 
as  well  as  of  much  c^  our  modern  edncatioBal  and  ethical 
theory,  which  sets  about  giving  saiK  ideas  of  tbe  world  by  de- 
velopius  a  healthy  body.  If  tbc  content  of  tbe  mind  consists 
solely  of  its  consciousness  of  bodily  changes,  then  snrcly  noth* 
ing  is  more  important  to  mental  balance  than  bodily  health.  I 
do  not  know  that  Spit>oza  elaborated  this  idea  in  any  of  his 
writings,  but  bis  life  exemplified  his  belief  in  it. 

Alon^  with  this  goes  naturally  a  theory  of  illusions  and  of 
association  of  ideas  (Props,   t;  and  18).     If  n-e  bave  any  idea 
of  an  external  object,  wc  shall  consider  it  as  actually  existent, 
unless  we  can  disprove  its  existence  by  means  of  the  other 
senses.     Memory  and  imagination  are  explained  as  due  tu  the 
perniantMit  chances  made  in  tbe  soft  parts  of  the  body  by  exter- 
nal txxlics  striking  upon  the  bodily  fluids,  wbtcfa  in  turn  strike 
on  these  soft  parts  and  aller  tbcm.     Then  if.  at  another  time, 
without  an  external  body  striking  the  fluids,  the  Suids  strike 
tbe  soft  parts,  the  idea  of  the  external  body  will  be  aron.scd. 
Id  the  same  manner,  if  two  ideas  have  been  aroused  at  ooce, 
the  laterarou^alof  either  lends  to  call  up  tbe  other.     If  Spinoza 
had  known  a  little  more  about  the  nervous  system  he  would 
have  written  James's  chapter  on  AssociatioD  of  Ideas  some  two 
hundred  and  fifty  years  ago. 

In  Prop.  13  we  find  a  valuable  suggestion  as  to  psydiolo^- 
cal  method.  Tbe  mtud  cannot  know  itself  except  id  so  Gar  ad 
it  perceives  the  ideas  of  the  modifications  of  the  body;  that  is, 
to  know  ourselves  we  must  study  perceptions  and  seantiooa 
primarily,  not  theorize  abstractly  on  the  nature  of  the  miod. 
We  must  observe  tbe  effects  of  outside  stimuli  and  trace  the 
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annections  between  external  objects  and  conscious  manifesta- 
loa».     We  can  imagine  that  Spiuo/a  would  heartily  adopt  ez- 
erimental  psycbology,   especially  a»  it  would  afford  some  of 
'the  matbematical  demoDstration  which  he  loved  so  welt. 

Id  Props.  3S  and  39  of  Part  1.  he  also  hiut:i  at  the  reason 
Iwby  man  is  social .  Some  ideas  are  common  to  all  men  because 
|tbeir  bodies  a(;ree  In  ceitaiu  respects.  Tbeii  the  more  that  a 
nan's  body  has  in  commoD  with  other  bodies,  whether  human, 
inima]  or  inanimate,  the  more  will  he  have  in  common  with 
Itbem  and  the  more  adequate  will  the  ideas  be.  That  is,  to  use 
[modern  lanKua^e.  our  brotlierhood  with  man  is  due  to  an 
[actual  physical  likeness.  Or,  in  Spinozisttc  speech,  each  of  us 
Lis  but  a  mode  of  the  one  substance,  and  the  more  that  mode 
[has  in  common  with  other  modes  whether  of  thought  or  extcn- 
[sion,  the  more  will  we  know  them.  Sympathy  rests  upon  a 
Ibssisof  like  feeling,  andlikefeeliogls  impossible  unless  the  one 
[body  is  like  the  other  body. 

These  adequate  ideas  must  not  be  considered  as  concepts,  or 

Lwhat  Spinoza  calls  general  ideas.     The  latter  arise  from  the 

[fact  that  our  imagination  is  unable  to  picture  distinctly  all  the 

[  individuals  of  a  cla&s,  becomes  confused,  and  loses  sight  of  the 

minor  differences,  thus  confounding  the  individuals  and  keeping 

clearly  in  mind  only  the  points  in  which  they  all  agree.     This 

sort  <if  knowleilge  can  not  be  depended  on,  while  adequate  ideas 

and  iDluitiou  can  be. 

But  wliMi  we  ask  how  we  can  know  a  trnc  idea,  we  come  to 
what  is  probably  the  fundamental  diScrcacc  between  Splaoza 
and  modem  thought.  In  Part  2.  Prop,  45,  be  says,  "He  who 
has  a  true  idea  simultaneously  knows  that  be  has  a  trne  idea 
and  cannot  doubt  of  the  truth  of  the  thing  perceived."  Again 
and  again  he  asserts  this  and  he  refuses  to  discuss  the  qnestiOQ 
of  whether  the  idea  truly  represents  the  object,  saying,  "As  to 
how  a  man  can  be  sure  that  he  has  ideas  that  agree  with  their 
objects.  I  have  just  pointed  out  with  abundant  clearness  that 
his  knowledge  arises  from  the  simple  fact  that  he  ha.4  an  Idea 
which  corresponds  wHfa  ita  object,  in  other  words,  that  truth  Is 
its  own  standard." 

The  centre  of  bis  proof  seems  to  be  his  assumption  that  we 
are  necessarily  conscious  of  any  idea  that  we  have,  that  is,  that 
consciousness  and  self-consdonsnees  are  really  the  same,  or 
that  if  we  have  an  idea  we  must  know  that  we  have  it,  and  not 
only  that,  but  mnst  know  all  its  characteristics.  Tlicn  we 
ought  to  know  not  only  true  ideas  at  ^ght.  but  false  ones,  and 
never  ought  to  be  deceived.  Spinoza  is  not  at  all  satlsfaclOTT 
here.  He  says  that  a  false  idea  is  due  to  confused,  fragmentary 
or  inadequate  ideas,  but  stitl  does  not  explain  why  we  do  not 
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perceive  this  confusion,  etc.,  if  the  idea  carries  its  own  sign 
with  it. 

In  his  theory  of  the  will  he  is  once  more  very  modem.  It 
is  not  in  the  natnre  of  reason  to  regard  things  as  contitif!;eiit, 
bnt  as  necessarv.  The  mind  is  always  determined  by  a  canse, 
which  is  determined  by  another  cause,  and  so  on  ad  infinitum. 
There  is  no  freedom  of  the  will. 

Still  more,  both  will  and  understanding  are  only  abstract 
terms  for  a  sum  of  particulars.  There  is  no  will  in  the  abstract 
apart  from  particular  volitions,  and  there  is  no  particular  voli- 
tion apart  from  ideas.  Will  and  understanding  are  one  and  the 
same  thing.  There  can  be  no  volition  or  negation  save  that 
which  the  idea,  by  the  very  fact  of  its  being  an  idea,  involves 
(Part  2,  Props.  48  and  49).  An  idea  is  not  like  an  inanimate 
picture  on  a  panel  he  says  in  various  places.  It  is  a  living, 
growing  thing,  which  by  its  very  nature  involves  a  judgment, 
an  affirmation,  that  is,  a  volition. 

We  could  hardly  have  James's  theory  that  all  consciousness 
is  motor,  stated  more  explicitly  in  the  absence  of  modern  proofs 
of  it.  The  denial  that  mind  and  volition  have  an  abstract  ex- 
istence, an  existence  apart  from  thinking  and  willing,  and  the 
assertion  that  the  essence  of  the  mind  is  will  and  that  under- 
standing and  will  are  identical; — these  assertions  take  Spinoza 
over  into  the  most  modem  of  modern  thought.  The  inner  need 
for  exact  proof  must  indeed  have  been  compelling  in  order  to 
force  such  ideas  into  the  strait-jacket  of  geometrical  demon- 
stration. 
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The  ancients,  as  is  well  known,  had  comparatively  few  color 
names  and  used  tbese  loosely.  This  deficiency  does  not  neces- 
sarily meaa  an  inability  to  diKCriminate  eulont,  nor  does  an  in- 
crease in  color  vocabuUcy  mean  an  increase  in  the  nicety  of 
discrimination.  The  complelene^^  of  the  color  vocabulary  de* 
pcnds  rather  on  the  extent  of  the  social  needs  of  dcsi^ation. 
The  color  names  of  savajte  and  seini- civilized  peoples  of  the 
ptetent  day  have  been  foiiud  to  be  quite  defective,  though  their 
powers  of  dJEcrimtnatton  are  exceedingly  fine. 

Our  own  Jtyiitem  of  color  names  and  their  application  leave 
yet  a  good  deal  to  be  desired.  I'Zffurts  have  been  made  at 
various  times  to  introduce  arbitrary  standards,  but  none  has 
been  widely  accepted,  exc«pt  the  dctignatioii  of  the  standard 
hties  by  the  correspondmg  wave-len);tbs  in  the  spectrum  or  by 
reference  to  the  Frannhofi.'r  lines.  For  the  purples,  grays,  and 
the  multitude  of  tints  and  shades  this,  of  course,  makes  no 
provision. 

On  the  other  side  of  the  qaestion — the  precision  with  which 
color  names  are  now  actually  applied — a  few  observations  have 
been  made  and  at  least  one  experimental  study  has  been  carried 
oat. 

Prof.  H.  K.  Wolfe  *  made  an  investigation  of  the  color  vo- 
cabulary of  Achool  children.  The  children  were  n.<>lced  to  name 
colors  which  were  shown  to  them.  The  colors  used  were  oil 
pigments  applied  by  means  of  a  brush  to  cardboard,  pieviously 
treated  with  a  coating  of  glue.  Comparison  was  made  on  the 
basis  of  age  and  not  of  class  standing.  The  answers  of  those 
deGcient  iu  color  vision  were  classified  by  themselves.  The 
results  were  then  tabulated,  giving  the  correct  answers  in 
i.ooa  Uales  and  females  were  clasistfied  separately.  Colors 
are  named  In  an  entirely  different  order  from  that  given  by 
Prcycr.  Tables  are  given  showing  the  rate  and  time  of  Im- 
provement, also  sex  differences.  Many  colors  are  absurdly 
named,  and  the  conclusion  is  that  the  color  instruction  bos 
been  very  defective. 

Our  own  experiments  were  in  general  method  akin  to  those 

>  H.  K.  Wolfe;  StuJka  Irom  tti«  Univcraity  of  Nebraska,  1890. 
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of  Wolfe,  bat  CAnied  out  upon  vubjects  of  a  neater  range  io 
age.  Tbe  colors  selected  for  these  sets  of  te»ts  were  the  twenty- 
fotir  spectrum  colon  of  the  PraiiK  EducatioDftl  Compaay.  Tbe 
pnrpoee  of  the  experiments  was  to  ««  how  the  colors  irouU 
be  Dttined  by  school  children  sod  college  students  if  left  to 
tbemsclve^  nnd  not  aided  by  any  artificiiil  syMcm.  Tbe  colon 
were  cut  in  squares  twenty  centimeters  on  the  side  with  a  bor- 
der of  black  of  two  centimeters  in  widlh.  These  colors  were 
held  up  before  tbe  various  classes  in  a  good  light,  direct  mid- 
light  being  avoided.  The  pupils  observed  the  colors  and 
wrote  their  answent  iudependenily  on  paper.  In  tbe  lower 
primary  grades  where  the  children  were  unable  to  write  they 
were  questioned  indcf)eui]ently,  out  of  the  hearing  of  the  other 

!)upils,  Id  other  respects  the  tests  were  exactly  the  same  as 
n  the  other  grades.  The  colors  were  purposely  arranged  is 
tbe  order  of  every  sixth.  *'.  e.,  if  we  reprcseot  the  colors  of  the 
Prang  system  by  the  ouiuerals  i,  2,  3.  .  .  .  24.  the  order 
in  wbicb  the  colors  were  presented  n-ould  be  i.  7,  13,  19;  2,  8. 

14,  ao,  etc 24.     The  colors  were  each  exhibited  for 

■bout  one  second.  A  considerable  number  of  names  were 
given,  including  tbe  names  given  to  various  colored  fabrics, 
the  colors  of  flowers,  of  plants  and  of  concrete  objects,  such 
as  brick-red.  etc,  but  all  of  these  together  form  a  very  small 
percentage  of  the  whole  number  of  answers.  It  was,  tbere- 
Kne,  thought  t>est  to  classify  these  under  the  headings  of  red, 
yellow,  orange,  green,  blue,  and  purple. 

The  first  of  the  following  tables  give.'*  tbe  measurements  of  the 
Prang  colors  in  terms  of  (he  five  color  standards  used  in  the 
Pby.sical  Laboratory  at  Columbia  University.  Thus  90°  of 
the  first  red  of  the  Prang  series  plus  10^  of  white  matches 
57%  of  tbe  Columbia  red,  [^us  6.7%  of  the  Columbia  Uue, 
plus  36.3%  of  black. 

The  later  tables  give  the  percentages  of  answers  for  eadi 
of  tbe  colors  for  the  kindergarten  pupils  and  for  the  whole 
number  of  subjects  tested.'  The  accompanying  cnr^-es  give  the 
latter  results  in  graphic  form,  tbe  ordinates  denoting  tbe  perce^^ 
age  of  answers  for  each  Prang  color  and  tbe  ab6cis.S)e  denoting 
the  position  of  the  same  color  in  the  spectral  color  system. 
This  position  was  determined  by  estimating  the  distance  be- 
tween tbe  successive  steps  in  tbe  following  way  : — A  large 
circle  was  drawn  on  which  were  placed  the  twenty-four  colon 
In  their  regular  order,  from  1  to  24.  Then  the  distance*  were 
altered  until  they  seemed  to  represent  the  proper  differences  to 
color  sensation.  Tbe  estimates  were  made  by  seven  subjects 
md  tbe  abacissie  used  arc  the  averages  of  the  seven  estimates. 
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MeasureHtenU  of  Prang  Colors,    Colttmdia  Standards. 

Prang  Colori. 
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50.0 
71.8 
61.7 
40.5 
18.7 

100  0 

a6.3 
4a -5 
77-3 
81.1 

ti.6 
a. I 

14.4 
6.7 

10. a 

5-4 

n 

loooy  0 

100  YO 

100  V  Y  0 

4.0 

04  Y  +  6  BK 
84  Y  Y  G  -1-  16  BK 
98y  G  +  a  W 
looG  YG 

18.8 

53  0 
715 
56.6 
39  9 
a? -7 
a9  4 
33.6 
-4.8 
a. 4 

aS.a 
67.3 
88.1 

45  a 

38.6 

14.1 

8.8 

4-7 

31.8 

4a  .4 
8.8 

a. 9 
41-5 
50-5 
54-3 
73-9 
71 -4 
S6.6 

100  Y 

lOOGBY 
100  BG 
looB  B  G 
61  B  +  3S  BK 
tooB  B  V 

(R    .644) 
{O    .614) 
(Y     .585) 
(G    .518) 
(V   ^.4S«> 

0.4 

7-1 
a.o 

100  B  V 

1.9 
43 

7-1 

13.0 

r, 

100  VBV 

100  V 

99  VR  V 

96R  V  +  4  W 
90  R  R  V  +  10  W 

No.  of  Experiments,  4S-S3-    Kindergarten  Pupils.    Av 

Ages. 

N< 

1.      Name. 

Red. 

Orange. 

Yellow. 

Greeo. 

Blue.; 

,PnrpU. 

I 

3 

R 
RRO 

ICO 

97.8 

a. a 

S 

RO 

95-7 

4-3 

4 

ORO 

37  0 

48.3 

ia.8 

1 

0 

14.0 

50.0 

36  0 

OYO 

5-0 

57-4 

1^;^ 

\ 

YO 

3.0 

3'o  , 

YYO 

la.o 

88.0 

9 

Y 

II. o 

84.0 

50 

10 

YYG 

40.5 

51.0 

8.5 

11 

YG 

5-5 

8.5 

la 

GYG 

3-3 

89.3 

i?:l 

n 

G 

3-3 

S4.9 

14 

GBG 

88.0 

ta.o 

15 

BG 

Mis, 

ellaheous. 

67.3 

33.8 
83-5 

16 

BBG 

6.0 

II. 0 

% 

B 

35 

90.5 

BBY 

6.5 

1.5 

90.^ 

i' 

19 

BY 

94.0 

6.0 

ao 

YBY 

70.S 

^.0 

31 

Y 

8.0 

540 

33 

YRY 

31.6 

3t.8 

40.; 

13  J 

ai 

RY 

I7M 

ii.B 

24 

RRY 

13. 8 

$aa 

HOUSTON  AKD  WASHBUSK  : 
Averages  of  all  Experiments. 

No.  of  experinjcntB,  1,575.                                 Ages,  5  to  34  Tcut.        1 

N( 

I.     Name. 

Red. 

Orange. 

Yellow. 

Green. 

Bine. 

Purple. 

I 

R 

97.1 

o.g 

3 

RRO 

n 

6.1 

3 

RO 

3-3 

4 

ORO 

19.3 

80.8 

5 

0 

4  4 

95.6 

6 

OYO 

0.8 

41. 1 

58.1 

7 

YO 

1:3 

74  8 

a 

YYO 

91.8 

9 

Y 

1.9 

98.1 

10 

YYG 

33-6 

76.4 

II 

YG 

3-8 

96.3 

13 

GYG 

3.9 

97.1 

13 

G 

99.8 

0.3 

14 
IS 

GBG 
BG 

Miscellaneous. 

97-3 
S8.r 

3.8 

41-9 

16 

BBG 

0.4 

3-4 

97.3 

17 

B 

0.5 

93  0 

6-5 

18 

BBV 

0.6 

84.3 

'5-3 

19 

BV 

69.2 

30.8 

30 

VBV 

66.1 

at 

V 

5  3 

3* -7 

63-0 

33 

VRV 

39  4 

70.6 

^3 

RV 

93.6 

7-4 

»4 

RRV 

98.1 

'■9 
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As  points  of  special  interest  in  tlie  curves  may  be  noticed 
the  somewhat  broad  range  of  colors  that  were  almost  always 
denominated  "red,"  "green"  or  "blue."  For  "orange"  and 
"yellow"  the  total  range  is  perhaps  nearly  as  great,  but  the 
high  frequency  of  usage  is  confin^  within  extremely  narrow 
limits.  Another  Item  is  the  sharpness  of  the  demarkation  in 
the  nsage  of  "green"  on  the  side  toward  red  as  compared  with 
its  wide  range  on  the  side  toward  blue,  corresponding  to  the 
common  uucertainty  of  "telling  green  from  blue."  In  a  some- 
what simitar  fashion  "blue"  and  "purple"  overlap.  It  is 
also  interesting  to  notice  that  the  pair  "bine"  and  "yellow" 
do  not  overlap  at  all,  though  they  might  perhaps  be  expected 
to  do  so,  if  it  were  actually  passible  to  see  in  green  a  mixture 
of  yellow  and  blue  as  some  have  thought  could  be  done.  A 
similar,  though  smaller,  gap  separates  the  usage  of  the  names 
"red"  and  "green."  "Green"  and  "purple"  (here  equivalent 
to  violet  probably)  were,  however,  applied  to  identical  colors 
by  difiereut  individuals. 


PSYCHOLOGICAL  LITERATURE- 


The  Nature  of  Truth;  an  Essay,  bjr  H.  H.  Joachim.    Oxford,  Clam- 
don  Press,  1006.     pp.  iSa. 
Pragmatism,  a  New  Name  /or  Some  Old  Ways  of  Thinking;  pop^iti 
lectures  on  philosophy,  bv  W.  Jambs.    New  York,  Xonguun 
Green  &  Co.,  1907.    pp.  xiii,  309. 
These  two  works  lie  too  fftr  beyond  the  confinea  of  psychologrto 
receive  detailed  treatment  in   a  psychological  joarBal.      They  ofia, 
however,  an  excellent   illnstration  of  that  fundamental  difEcrcnccoI 
temperament  which  Professor  James  lays  at  the  bAsis  of  all  pfailo- 
sophical  differences ;  and  they  remind  as  that  the  paychology  of  tem- 
perament is  so  far  in  its  earliest  infancy. 

Mr.  Joachim  dismisses  pragmatism,  in  his  preface,  a*  UDWOrtliy  of 
serioQs  consideration.  "In  anbEtaace  thedoctrine  remaina  what  Plato 
proved  it  to  be:  not  a  new  theory  of  truth,  but  a  denial  of  trnth  alto- 
gether." His  own  object  is  to  "examine  certain  typical  notions  of 
trnth,  one  or  other  of  which  .  .  .  has  hitherto  served  aa  the  bani 
of  philosophical  speculation."  The  first  of  these  re^fards  truth  11 
correspondence;  the  second,  as  a  quality  of  entities  ectirelv  inde- 
pendent of  mind  ;  and  the  third  aa  coherence.  These  are  diacasscd  in 
as  many  consecutive  chapters,  and  the  essay  conclades  with  a  fourth 
chapter  on  the  negative  element  and  error.  The  upahot  la  that  "the 
coherence  notion  fails  of  complete  success;  bat  it  has  carried  us  fur- 
ther into  the  heart  of  the  problem  than  either  of  the  other  two  notions, 
and  it  has  mainiained  itself  against  difficulties  to  which  they  suc- 
cumbed." 

Professor  James — who  does  not  fail  to  signalize  the  mainly  negative 
outcome  of  Mr.  Joachim's  essay  as,  in  so  far,  an  argument  in  his  own 
behnlf — preseuts  praf^matism,  in  ei>;bt  Lowell  lectures,  as  essentially 
a  niediator,  inrtlioilologicBny  and  metsphysically,  between  absolute 
idealism  and  empiricism.  The  lectures  deal  with  the  present  dilemma 
in  philosophy — namely,  the  antithesis  just  mentioned;  the  meaning 
ol  praKmatii^m  as  method ;  the  pragmatic  attitude  to  some  metaphysi- 
cal problems,  such  as  substance,  God,  free  will,  design,  the  one  and 
the  many;  the  relation  of  pragmatism  to  common  sense ;  prag^tnatism't 
conception  of  truth;  pragmatism  and  humanism;  pragmatism  and 
religion.  The  book  makes  delightful  readiug ;  but  it  does  not  appear 
that  the  fundamental  confusion  often  charged  to  the  account  ot  the 
pragmatisl,  the  confusion  of  truth  with  knowledge  of  truth,  is  finally 
cleared  up.  And  it  may  be  doubled  whether  the  middle  position 
finally  recommended  will  satisfy  many  temperaments,  since  a  tem- 
perament, however  mixed  its  origin  and  character,  generally  leans 
with  some  bias  to  the  one  philosophical  side  or  to  the  other.  'To  put 
the  matter  crudely.  Professor  James  will  probably  be  too  religions  for 
the  non-religious,  and  not  religious  enough  for  the  religionsly  minded. 

P.  E.  WiNTHE. 
Essay  on  the  Crialive  Imagination,    by  T.   RIBOT.     Translated    from 
the  French  by  A.  H.  N.  Baron.     Chicago,  Open  Court  Publishing 
Co.,  1906.    pp.  xix,  370. 
M.  Ribot  holds  an  uuique  position  among  descriptiye  paychologists* 
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Brcrj  few  ycani  he  calls  atteatioo.  in  aa  etal>otate  essay,  to  fomtr  field 
of  work — fCCDctal  idcai,  atiective  mciaorr.  creative  itDBgl nation,  tbe 
pai» Ion*— that  b«8  to  far  been  nwlecied,  wliclhcr  by  the  dcKCiipiiTc 
or  by  tbc  experimental  ncbool,  tEc  combination  of  attroug  ayslcmatlc 
bent  with  B  bigti  degree  ol  litctary  akiJl  niake«  tliia  leriei  of  book* 
doubly  valuablr;  tbcy  ar«  louiid  rmlabk  by  tfae  xcaenl  edticated 
public,  and  th*y  offer  lo  the  p*ycholo)(i«l,  without  pretence  of  Gnnlily, 
a  coDRpcctu*  of  (act  and  oiiinion  {{leaned  (rom  icottcrcd  soarc«)  and 
arTHiiKcd  on  a  workable  pinii.  Mi.  liaroii'*  irniitlalion  jr.  therefore, 
most  vrelconie;  we  may  safely  predict  (bat  one  of  ita  rcoult*  wilt  be 
the  carrying  of  varioui  parl-problenia  of  imagination  into  tbe  laboca- 
tOTiea.  Tbe  tiBiislatlon  itacif,  wbilc  by  no  lueana  ayiupathetic,  ap- 
peari)  to  be  accurate.  Ttie  prooI-rcadlnK  of  Ibc  book  lisfl  bceu  vtrj 
Guelcasly  done.  P.  E.  WiHTKK. 

Ttxl  Book  0/ Ptyckiatry.  aptycftologieal  study  0/ iatuniiy,  by  Dx.  B> 
MBNDRt.  AutliorUed  f  rsoalattoa.  Edited  and  eiilsTKcd  by  Wm. 
C.  Krania.  F.  A.  Davis,  Pbiladelpfala,  1907.  pp.  311. 
The  pnychiatrical  clinje  is  now  obliKatof}'  to  meilical  student*  in 
mo«t  countries  andsctiools.  sctd  in  Berlin  eiace  1901  baa  been*  topic  on 
which  all  doctors  must  be  e»uuiinrd,  There  are  o(  course  very  many 
cxccllciit  text*  on  the- lubtcct  in  German,  but  tbe  author  here  trie* 
to  preieut  it  in  a  gcncrnt  perspective  lo  enable  ■tudciits  to  fill  up  the 
gaps  in  the  clinic  ood  to  reduce  all  to  its  iiroper  time  and  place.  The 
anibor  hiiusctf  Rtand»  in  the  front  rank  01  Crciinan  men  of  science  and 
for  thirty  years  bus  been  a  leader  In  Germany  ami  alto  distiiiKuish«d 
by  his  hospitality  to  Americans.  The  plan  of  the  book  rcpresenta 
Mendel's  latent  TicvD  ot  cloatilication.  under  Kencral  sy  mptomatol- 
o^y  he  di»cns8cs  disturbances  ol  scnsalion,  of  Ihotigbt.  cucinory.  (c«t- 
ing.  judgment,  conscious  action,  inclading  speech,  and  has  a  presnaat 
chapter  on  physio  I  Ojrical  dtSturhaiKes  iu  the  condition  ol  ilicbodjr, 
incltidinK  physical  degeneracy,  ntotility,  reflections,  bssnl  motor 
netvcs  and  internal  organs.  Under  etiolofry.  a  chapter  on  slatistiiC* 
ditcusacK  the  factors  favorinK  break i  11 1[  out  oldiscit'C,  such  as  pnbcrl)', 
climacteric  and  old  age.  Direct  causes  are  classified  aa  pcycbte, 
somatic  and  mixed.  Outbreak*  may  be  transiioty,  acnte,  or  chronlic. 
There  are  sections  ou  pathological  anatomy,  diagnosis,  projniosis  and 
treatment.  Then  he  discuMcs  special  psychiatry,  imbeciUty,  Idiocj 
and  psychosis,  ballnciaatiou,  inania.  tiKlaacholia.  circular  psychosis, 
acute  dcmentta,  psychoiis  from  central  uenroses  such  as  epilepsy, 
hysteria  and  chorea,  with  a  special  section  on  intoxication.  Then 
follows  an  account  of  tbe  psychosis  due  to  thyroid  trouble,  to  poison* 
from  withonl.  to  ornanic  ami  inorganic  poiM>ns.  Under  organic  psy- 
chosis he  discusses  diCfns«>I  diM'HScsof  tbe  cortex  inctudlnc  pra|;rea< 
sivB  parnlyiis,  lenile  demcniia,  arterial  sclerotic  psjrcntMia  and 
apoplexy.  TIic  work  end*  with  instructions  for  examlUlag  a  person 
menially  di»ess*d  and  for  rendering;  su  opinion, 

I'tythology  Appfied  lo  Mtdicine.  ait  inlroduetory  study,  by  David  W. 
Wnlls.  Davis,  Philadelphia.  1907.  pp.  141. 
Tbe  entliOT  thinks  the  proposition  "alt  disease  is  mental"  seems  ao 
absurd  to  tbe  tiirdically  trained  man  that  he  is  apt  lo  ignore  Ibe  fact 
that  some  disease  is  mental.  He  advocairs  psycho-tberapentic*.  it)- 
cludinu  hypnotism  in  «i>ccial  cases.  Indeed,  this  mode  of  cure  be^an 
with  Edward  the  Coufetior,  in  the  eleventh  century,  who  cured  the 
king's  cTtl.  Tile  anthor  repudiates  Uis.  Hddy,  melapbyatcal  bcakr* 
and  tbeoftophlst*,  a^rce*  with  Wetterstraud  tliat  there  i*  no  better 
cure  (or  insomnia  than  hypnosis  and  that  special  scipori6c*  are  inja- 
rioBS.     He  believe*  that   sometiiues  bypnocis  helps  neuralgia,  *l«m- 
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iBCT4Bfr  »aA  IIi«  cigarette  luMt.  fhj»*c\Mti%  like  J.  J.  I*ntn«»  who  li 
treattiiK  bj-iteria  bj  Preni)'*  psjcho'Uialyiii:  loetbiMl,  QuKCkcnbo*  at 
New  York,  ItiiboU  of  B«nM,  the  aattaor  of  tbe  very  ootahlc  "Piychic 
Tr^ttmrDt  ot  Nctrou*  DlMtdtr*."  •ad  tbcgvacxal  an:  at  pl«ceb<n.  tbr 
gfowinj;  view  ibnt  drug  thtrrapcntic*,  vblch  mjnirtrs  only  tbc  writitig 
of  mc*cTii>>.ion>  bi  tbc  »itje«l  Ibiiiic,  often  Iculi  direclly  lo  patvot 
mc<liciuc«.  ibc  (Kitirnt  MtkiuK  to  avoid  tbv  niddU'^iiiaii  muA  get  tli* 
goods  direct  tt^v  phyiictaa  being  onlr  a  mtddleman  for  the  ilra( 
maker);  all  ibcacabow  the  ten  dene  jr  «bicb  tbt*book  nlno  cxcmplliGca. 
Tbc  writer  Iwlleve*  tb«t  the  pAycbk  elemcBt  1*  present  in  «ll  tberagev- 
tics, in  «Dr|inT.  elect ro-tberupf.naMagc.  that  in  qaack  mcdiciues  it  ii 
oltcn  nut  a  dtUK  bnl  tbii  elcBWBt  tb«l  card,  and  ibat  the  nAiiir  m  tra« 
to  tome  extent  witb  prrKTJptloitS  of  regular  phyiician^.  Vr'c  muitnot 
•bat  oar  CTe»  to  tbe  riMl  valoe  of  tb>*  dement  becstuc  it  baa  becA 
abit*cd  b;  Cbriitian  Science. 

71u  Imfiutnte  of  Ih*  Mind  m^m  tk*  Body,  bjr  Pabi.  DttBOiS.  Tran^ 
Ulcd  Irani  the  fifth  French  edition  by  L.  B.  Gallatin.  Hank  & 
Wajiiial]*  Company,  New  York.  1906.  pp.  63. 
Tbe  dependence  of  tbe  *onl  upon  tb«  body  conin)M>c«B  in  tbe  craidic 
and  6tiiilics  only  u-iib  tbe  grate.  Tbia  mluDie  do«a  tint  ileal  witb 
tbc  ■iKvalativc  01  (be  philoaopbical  aspect*  of  tbe  mib)ect,  bat  ratbei 
witb  tbo«e  tbat  are  moral  and  tberapentlc.  Tbc  object  of  calture  i* 
to  anbdue  tbc  Iwdy  till  it  beconies  a  perfect  servant  of  the  Boul.  Sell- 
control  begius  in  the  dominalion  of  tbc  body  by  tb«  soul.  There  are 
IM>  ImaglnaT]' aick  people,  but  all  auflcr  and  tbercfore  itll  arc  worthy 
of  ooapaaaion  and  in  need  of  cure.  Bxanerated  cmotioualtam  is  one 
of  tbe  nwM  coBimoti  disease*  o<  ntodero  lile  nud  nr^biritc  i»  more  coa- 
taglotiB  iban  oCTTOnb  affcctfooa.  Uany  <>f  these  aittc  uuilcr  tbe  infls- 
coce  of  real,  and  others  from  an  imaniiiBrT,  Utignc.  The  b«st  care  k 
la  llic  (luiiiain  of  higher  iiiuiallty,  wbicb  doe*  bave  reuiarkablc  rawer 
to  steadv  tbc  whole  p«i«>iLality.  We  inast  bave  aome  kind  ol  relisioo 
and  phiioMpby  and  live  up  to  it,  and  onr  philosopby  muat  iBclnde 
•OHM  metbod  or  cuic  of  auxlciy. 

A  'rteatiie  am  the  Moior  Apparalmi  of  Ike  Eytt,  embracing  ao  expo> 

•itioa  of  tbe  Aaomalic*  of   the  Ocalar  .\d)ustittcnl8    and    tbelr 

Trettineni,  witb  tbe  Anatomy  and  Physiology  of  tbc  Uusclra  and 

tbdr  Accessories,  bjr  Gkoxgb  T.  Stsvsks,  M.  D..  Ph.  D.     PhfU. 

delpbia,  V.  A.  I>aTts   Co.,  1906.     pp.  xiv,  4961  1S4    illnatrattons, 

aome  ia  color*  and  many  original, 

Tbi*  work,  i>T  one  of  tbe  leader*  amoo^  Amcrkao  ophttialmolo- 

gi*ts.  is   in   reality  *   sequel   to   tbc   umc   author's  earlier   work  00 

rnnctioiial  Nervous  DiMMSM.  pnblished  in   iVAi.  in  which   was  first 

cmpbasiieJ  the  causal  connection  of  motor  ■□omaliesuf  tbe  cyca  with 

many  functional  ncrrous  trouble*.     The  preient  work  gnlhcra  np  the 

result*  of  nisnr  pafei*  published  ia   tbc   iutetvcnins;   year*    in   th« 

ArtJtiivi  of  OpHlhulmotogy  »,i\A  iht  Anma/j  d' Omiitli^uf,  anA   ^ve* 

them  here  agnin  in  connection  with  brief  statement*  of  current  ktiowl- 

•dgc  with  refereuce  to  tbe  anktoaiy  of  tbc  ere  innscirs  an<l    udjaccnt 

porta,  and  with  refcieuce  to  paralytic  and  OMIructlre  troubles  ot  tbe 

Mate  organ*. 

The  work  opens  with  an  taUtorical  sketch  of  atratilsma*  sntl  hetero* 
pborla.  Part  I  follow*  witb  nearly  six;^  p^e*  upon  atroctttnil  rela> 
tions,  including  a  sectinn  on  comparstivc  anatomy.  Part  II  deal* 
to  abont  twice  as  many  page*  witb  tbe  physiology  of  tbc  eye  niaaclea 
and  their  funclioni.  The  longest  vectlon  is  Part  III.  devoted  to 
anomaloBS  condition*  of  the  eye-mniclc*  not  dependent  upon  die- 
«a*«.    It  {*  tbe*«  wbkb  are  tbe  frttltful  *otirc«  of  oerrons  troablca. 
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Pari  IV  ir«>ii(  in  tnrty-tirt  p<tg*«  of  comliijonti  depcmlltig  (llr«ctl7  on 
dUea»c  aff«ctiiiK  the  motor  functiooa,  pnialysii,  spasni,  etc. 

While  item*  of  ps)rcholn);irsl  iiilereit  will  he  IctDiid  in  otber  Mo- 
tions, It  !b  In  ibc second  iliat  ilic  paycholoKiti  wlllcumc  upon  familiar 
CBpliODB  like  "The  Visual  PerctpUon  of  Sp«fe."  "CDCon«cious  Cod- 
ctasioD*,"  "Of  CoTTcupOQilins  Point*,"  and  "ThcIIoroplcr."  And  here 
fa*  will  find  a  good  d«al  that  is  The  re*ultof  fresh  ami  fml-band  obser* 
vatioQ,  pBTticalaTl)?  with  reference  to  phyaioloicical  queftions,  bat 
mnch  alao  of  Helmtioltiiati  pEycholosiitDK  whicn.  hj  piesent  stand- 
ard*, laajbc  ju^ilylrMHbed  as  aotlqae.  The  >>L'rtlon  Is,  bow«T«r,  oa« 
wbleb  no  paycbologistilealiaK  *it^  t^*'  phenomena  of  BMCe  percep* 
tion  will  do  well  to  nrfclect  altoKcther — in  especial  •  conpie  of  page*  of 
friendly  CI  it  ids  III  upon  recent  iMvcbotOKical  studle*  of  eye  mOTC- 
tticuls  in  space  perception.  B.  C.  S. 

Otservaxioni  dimi(ke  td  analoimitkt  sxiUe  dtme*ie  fatt-apopttttickt^ 
Dorr.  G.  MiNGAzetMt,  Kivlsta  Sparimenule  di  Fr«ntatrla,  1897, 
Vol.  »j,  p.  Bii. 

A  point  worthy  ol  apecial  note  is  the  extreme  emotivity  of  same  of 
the  pattcoti  which  resultt)  In  sp«fin<idic  wccpiiiK  sud  laughing-  The 
pbyalo^natoinical  rcnwrn  of  such  diatnrbnncea  na!i  been  referred  by 
Bniasond  to  the  inrolvcnicut  of  tome  special  claueiinf  nciTc  fibrca. 
According  to  him,  atonK  the  anterior  segment  and  thu  laiice  ol  tha 
InteriiBl  capinle.  there  run  titlli;  buollcs  of  cortical  fibres,  which  es- 
tcEtd  to  the  centres  of  co-onli nation  of  the  mimetic  muicles.  situ- 
ated in  (be  thalamus.  If  a  Irston  is  situated  slinfdy  In  contact  with 
the  anterior  seKinent,  it  would  have  the  eflect  of  irrilatioK  I'"  fibrea 
which  pass  there;  if,  on  the  contrary,  it  involved  the  scziiicDt  itself,  the 
cStct  would  be  of  a  paralytic  catuie;  lu  bocb  caaes  tue  coiiez  would 
lose  the  power  of  regultitint;  the  mimetic  centres  aitnsteil  in  the 
Ihalamui  and  lhci«  wontdiciiponil  to  all  peripheral  Impiesslonii.  hence 
there  wiiu)d  ariitc,  somptinirs  HpaHmodic  laughing,  aometimes  spaa- 
tnoilic  wccpinK.  which  the  patient  would  be  onable  to  control. 

"I  have  ulucrved  a  tiue  cnse  ol  spsuniodlc  wccplne  in  two  patienta 
(Antoiiiui  and  Valeri)  who.  whenever  they  attcmpterT  to  reply  to  any 
question,  broke  into  uncontrolUblc  wecpins.  Sometimes  a  stimulus 
of  sorb  n  natnrr,  as  lo  be  entirely  independent  of  every  sod  thoaght 
WHS  sufi'icicnt  to  ioduce  the  weepini;.  In  the  first  case  (Autonlol), 
there  existed  bilateral  lesions  of  ibe  Icnticdlar  nuclens  which  on  the 
right  side  was  sftujiird  near  the  anterior  segment  of  the  internal  cap- 
stile.  In  the  second  patient  (Valeri)  was  fotind  on  the  left  side  a 
lesion  of  the /M/dM^n  and  ol  the  internal  menibratie  of  the  glo&ui 
palliduf."  TnKODATK  L.  Smith. 

Hygiene  of  Servti  and  J/ind  in  tieallh  and  Diitase.     Bjf  A.   FoRBt' 

Authotiied  translation  from  the  second  c:crmi>n  edition  by  H.  A. 

Aikina.      New  York,  G.F.  futnam'j.  Sons,  1907.   pp.  x.  343. 

M.  Forel'a  work  is  a  compendium  of  psychology,  physiology,  patfa- 

ologT  and  hvgiene,  dominated  and  anined  by  the  author's  well-known 

monistic  philosophy.   It  is  written  wllball  tlie  rcfonner'aenthnsiasm, 

which  carries  the  reader  triumpbuntly  over  a  mnss  of   details   that, 

otherwise  ptcicatcd,  would  be  dry  cnouttb.   The  dcfeci  0/  this  tonality 

is,  of  course,  a  oue-sidedoess  that  makes  the  book  distinctly  imtatinK 

to  the  «pecitili9t.     There  can,  however,  be  no  donbt  that  its  general 

influence  will  he  wholesome. 

The  tr;ins1ation  is  very  uneven.  Alongside  of  mnch  carefnl  work  we 
find  slips  of  grammar  f  "a  doieu  children  of  the  same  parents  devi- 
ate from  each  other"),  diatnibing  colloquialisms  ("precious  little 
C«n  be  gotten  ont  of  the   word*   Nature  and   Nnttnar'),   nncertaio' 
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tie*  of  tcT  in  I  no  lofty  ("l"'y^^^P**^'''*""><'  "p*Tcliopaiilile«"),  Awkwnt 
phmivnC'it  Cih  rtmaiDg  aw*];  at  oar  appruacli"1.  etc.,  etc.  TVr 
•eeiua,  UM.  to  bcno  clekf  principle  rauujag  tbroufi;)<  tba  nntn  iitW 
bv  tbc  traaslalor  If  the  reader  needs  to  be  toM  tbst  "tbe  wwi 
FltenomeiKni  ae  qmiI  iu  p>ircboIo|fy  or  aii;  other  ncicoce  docs  not  B«n 
•omethinK  tcmarkablc,  but  merely  uiincthing  tbat  c*n  be  obmtmA" 
(j).  17).  It  ti  iurcly  tutierfluouB  to  witru  hitu  tbat  tb«  Spinoc*-Pc«hs(f 
Uw  of  identilv  ii  "to  be  dlstiuguUbed  from  Um  logicM.]  law  with  tbc 
uac  ii«mc"  (p.  78)!  P.  E.  Wiirrui. 

Morrii's  Human  Anatomy:  a  tompItU  syiUmalic  treatisr  by  EnfUA  I 
and  Amfritan  autiiori.     IMttcd  by  U.  Loug  aad  J .  P.  McMuirkL 
FOOitb  edllhMi,  pan  lii:  The  Ncrvoo*  SyKcm;    Orsnas  of  SpeeitI 
Sense.    PhlladelphU.   P.   BUklstoD'a  Sou  &    Co..    1907.     pp.  i. 
747-1II3- 
The  piyctaologixt  i*  more  likely  to  cotiialt  ■  work  on  pbj'siotoit7«t  i 
hlstolcqty  lliiiD  It  text-book  iii  •nBlomy,    NevertbelcBS.  «ti«totnv  BHai.  I 
U.  tiniM.  bp  Tefetcpi.1  to;  anil  un  aach  uccatiuni  thi!i  prcscut  volntBeMI 
tbe  reviMd  Morri*  will  pioTc  of  jc-eat  ossUlaucc.     Tbc  part  deals  vitkj 
tbe  Hcr*oiii  «yiilctu.  eye.  car.  tongue  rimI  nose.    The  illui^trHtiODtsiiiJ 
DameiouH.  clear  (tuaoy  of  tbem  arc  partiklly  colored),  nnd  weIl.cbo«eB,| 
•nil  tbe  text  it  up  to  date.    The  ncction  on  the  nervoun  system  bul 
bc«a  corrected  snd  largely  rewritten  by  Profe^tor  Hardcaty.  of  Ibrl 
UnivcrMty  of  CalitomU ;  that  on  tbe  eye  by  Dr.  Gunn,  of  tbc  Loodea 
Ophthalmic  lloipital ;  nod  that  on  c*r,  no«e.  and  tongue  bv  Profciscc 
Kerr  ol  the  Cornell  Medical  College.    Tbc  price,  %\.%o,  is' extremely 
iDoderate.  H.  li.  HorciiKtss. 


BOOK  NOTES. 


Laboratory  jVanial  of  Pi^thotogy.  hy    CbarlBS    IIubbak))   Jdoo. 

VoIdiuc  II  of  a  cefics  of  text-book*  desJKned  to  introduce  the  sin. 

dent  to  the  methodsanil  practlccaof  aclcniiflc  p*ycbolc»g)'.  Cbarlo 

Scribner'*  Sous,  New  Votk,  1907.  pp.  1)7. 
Tbcchnptei*  ate  on  tbc  (jnantitattTe  iitudy  of  geometrical  optical 
llluiloiia.  chaTacteristlcs  of  the  different  parts  of  the  retinal  field,  color 
seoMtioos,  monocular  viiuat  experience*,  binocnlarvlitnal  expcHeace*, 
hiDKUral  Tccogiiilion  of  dtrcclion,  tonal  ccnialion*.  cutaneous  seau- 
tioDs,  tactual  space  perceptton.  aintatlon  lotcn»itJer.  opparntii!!  and 
methods  for  record ing  movements,  cbangeii  in  circuUium  nccompaiiy- 
jns  ctaanKe*  in  conscioDine**,  changes  in  mascnlat  tcuaion  of  tbc 
TolnolAry  init*cle».  mn«ciilar  co-otdmatlon,  nnnotkcd  varjalfona  fn 
simnlc  eooidinnlcd movemcnM,  voluntarj  modi&cattons in  movement, 
■nalriii*  of  voluntary  co.ordiDatioiu,  effects  ol  practice  (a)  impressios 
ikclofs,  elfects  ol  practice  (l>)  motor  and  perceptual  bahlts,  distraction 
and  fatigue,  metnorr,  fluctaatious  of  attention,  seo)>e  of  attention  and 
consciotisneii,  (citbclir  appreciaiJon,  experimentation  with  complex 
menial  procesNes. 

Woman  and  Uu  Ratt.  by  Gordon  UaxT.  Ariel  Press.  Woatwood. 
Maw.,  1907.  pp.  364. 
Tbe  theinet  iu  this  book  are  :  Innocence  verstu  IgnoraDce,  flower 
babies,  woman's  place  in  the  social  scheme,  motberbood  a  ^y,  real 
pnteriiily.  a  perfect  body.  kliiK  mind,  the  rationale  of  celibacy,  maf- 
liuge  actoal  and  ideal.'  the  joy  of  life.  Tbeae  very  chapter  head) 
suggest  to  sn  nnnitial  degree  the  point  of  view  and  even  the  content 
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of  the  book.  It  i«  tliOTOuEhly  welt  meant  and  there  MecBi*  to  be  DOtb- 
lug  bad  or  objectionable.  It  ml^ht  be  ileKribeJ  •aescellent  tnbleUlk. 
It  make*  little  cUim  to  be  scientific  end  doea  not  nlilUe  the  rcanitt 
of  recent  literature. 

Z^itkri/I  Jur  ftetigi»Hspsvtkologie,  GreuzCragen  der  Theologje  and 
Medexin.    Carl  Marliold,  Halle  a.  S.,  1907,   Band  I,  Ueft  4.    pp. 

Wc  relict  to  obiervc  that  Dr.  Vorbrodt  has  withdrawn  from  the 
editormbip  o(  the  ZeUstAri/l.  \Vr  ore  glad,  however,  to  note  that  the 
editoia  hope  (Ood  to  bai'c  iinnther  theologian  in  lit"  place.  Tbc  char- 
acter of  the  fourth  nunilieT  14  somewhat  turcllcal  an<l  the  chief  article* 
are  tbe  piycblatrr  and  tbe  care  of  the  soul  in  correctire  and  penal  iu- 
adtotloti*  for  women.  Kocial  and  individual  care  of  the  k>u1,  etblcal 
VftiB**  uiidrr  tbe  Influence  of  fatlKne,  tbe  aotipHihy  of  the  ancient 
Jews  Bgaintt  pictures  and  Images.  Tbe  rerlrw  department  is  restricted 
to  the  discntaion  of  a  >in|c1e  article. 

L'igaliU,  par  J.  I.  EscAfns.  BibKoih^oe  Coopfaatire  Laiquc  et 
Ripublicoine,  Paris,  1907.  pp.  73. 
Tbia  writer  dl>cn«xe«  the  idea  of  individuality  and  eijuality  and 
traces  the  latter  through  tbe  hUtoric  period,  jwlnn  out  the  chief  trail* 
of  geuninc  equalitj',  it*  lonrces.  its  relations  to  wealth  and  its  future. 
Tbe  book  j*  intcrestlnx  and  iiu)!K»livc. 

DU  Beein/lussun^  der  Simnts/ankliontn  durch  ^fringe  Altoiolmtn- 

gen.  I  Tell,  von  Wiumii.m  Si^CIIT.   Wilhelm  Buxcimann,  L«lpi(|;, 

1907-      PP-  "S' 
Diitaus   of  Ike    Reanm:    Tbcir    contcaoence*    and    non-Bnrgieal 

treatment.    By  W.  CBkinrbshofp.    Orbau  PublUbing Company, 

Chicago,  1907.    pp.  307. 

Paranoia,  ils  varietits  and  mfdieo-tegal  itHfioriam^,  by  CRARtES  W. 
BtTRK.  Reprinted  from  tbe  Journal  of  the  American  Medical 
A**oclation,  Jnnc  1.  1907,  Vol.  48,  pp.  iSja-iS^j.  Pieu  of  th* 
American  Ucdlcal  AHoclation,  Chicago,  1907. 

A  Case  0/  the  Loit  0/  Memory,  by  Cbarlbs  W.  Bran.  Reprinted 
from  American  Journal  of  Insanitj-,  Vol.  63,  No.  3,  January,  1907. 
PP>  377-3«3- 

NOTE. 

Wllhclm  Stem  baa  cbaoged  his  well  known  Auuage  to  tbe  Zeit- 
sdirift/br  angtwandU  Piydiologie  umd  pijrekotogUeht  Sammtl/or- 
sthumt.  of  wblcb  tbe  flrU  donbtc  number  of  tbe  first  volume,  contain- 
log  tS7  pages,  is  at  band.  Although  tbe  scope  is  greatly  enlarged  and 
Otto  Lipwann  becomes  Joint  editor,  tbe  new  ZttUehrxJt  is  called  a 
broadened  contlnnatloo  of  tbe  old,  Tfaefirstnumberl*  very  attractive 
Md  promising. 
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Abnarmal :    Dancing   nunU,  35 ;    Flagillants,   ai ;    LyckntfaropT  «nd 

Witchcraft,  35. 
£*tbetics,  method  of  tcachiag,  1G9;   CreatiTc  inwgtuation.  534;    HU- 

tory  of  art,  381;  Symmetry  and  Balance,  381. 
Adolescence:  Period  of  mental  reconstmctioit,  ^53. 
American  Psycbological  Association,  15th  annnal  meeting,  156. 
Amnesia,  5*9. 
Anthropolo^cal:  Anemia  in   Porto  Rico,  156;  Daoiah   folk-tales,  377; 

Errors  of  method  in  the  stndy  of  primitive  man,  155;   KAfirs  of  tbe 

Hiniln-KnEta,  376;    Folkways,   376;  Haida  texti  aod   myths,    155; 

Psycholofty  of  clothing,  267:  Scalping,  376;  The   Aryan   aad  an- 

throposociology,  155. 
Aphasia,  156. 
Apparatus,  for  tbe  study  of  mrmory,  314.  316;  Pinfrer  plethysmof^rapb, 

385;    Lamp-chimney  pletbysmograph,  385;   Stndent  apparatus  for 

practice  conrses,  3S5. 
Association  in  the  c«se  of  odors,  336;  Loss  of  associative    power  in 

worda,  183. 
Attention,  flactnatioa  of,  with  cntaneons  stimnli,  309,  386;  irith  Tiaoal 

stimuli.   3S6;  spon  tan  eons,   and   its    practical    applications,    145; 

Efiect  of  distraction  on  iotenslty  of  sounds,  159. 
Audition,  wave-form  in,  170;  Absolnte  pitch,  194,  385. 

Bibliography  of  pestilences,  epidemics  and  crazes,  57;  of  the  Raccoon, 

4S9;  of  Reasoning,  501. 
Bio]oj:ical;  The  OriKin  of  Life,  150;  See  also  Sei. 
Book  Motes.  152,  518. 

Chess,  tbe  psychology  of,  169.  Case  of  a  feeble-minded  chess  player, 
}o6;  jreiieral  fealuies  o(  the  game.  263;  skill  of  moderate  players. 
274;  skill  of  the  masters,  378;  special  psj'Chology  of  the  game,  387; 
psychology  of  learning  to  plav.  203. 

Child  psvchology,  268.  Backward  children,  383,  clinical  examination 
ot.  384;   '■Mental  development  in  tbe  child  and  the  race,"  36S. 

Colors,  naming  of,  519. 

Comparative  psychology:  Association  processes  of  the  dog,  cat,  and 
squirrel.  3H4;  Habit  formation  in  starfish,  158;  Imitation  and  ani- 
mal perception,  15S;  Kinaisthetic  sensationa  of  white  rats  in  the 
maie,  158;  Modi6abilxty  of  behavior  in  earth  worms,  153,  in 
dancing  mice.  158;  Polypbyletic  origin  of  animal  aocieties,  156. 
See  also  Raccoon  and  Spiders. 

Correlation,  formulse  for,  161;  quick  method  for  calculating^.  332, 

Criminological:  Autobiographies  and  other  writings  of  criminals,  377 

Educational:  German  Universities  and  University  stndy,  149;  Growth 
aud  Education,  3S0. 

Emotions,  see  Passions. 

Evolution,  outline  of,  367;  Of  weights  and  measures,  148;  Tbe  days  of 
creation,  367;  Descent  of  man,  366.     See  also  Heredity. 

Experimental:  Control  of  the  Hipp  chronoscope,  384;  Estimation  of 
the  eitent  of  fore-arm  movements,  265;  Experimental  studv  of 
reasoning,  49a;  "Like"  judgments  in  discriminations,  353;  Method 
of  Just  Perceptible  Difierences,  386;  Minimum  exposure  id  stndieg 
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ot  readloK,  157:  New  tnetliod  of  prepnrinK  color  iliniuli,  md  iU 
application  to  Weber'*  law.  .11S3:  PhiUdflphU  Mr«tiiiKof  Kxp«rl- 
meiilat  PiyeholoRist*,  3S3;  PholoKrapby  of  eyr-inoveinvnts,  157; 
R««ctloii  witb  dtKTiQiiuNtioii  and  cbat«e,  334;  Tccbniiiuc  of  ex- 
pcriincDU  on  tnctuory,  »)6.    Sc«  also  Appsiatn*  aiid  Attention. 

PecliDX  •nalyii*  and  ex  peri  mentation,  istl. 
Flucinstion  of  miuimal  atiiuuli,  309,  ^. 
Fnnciioual  psycbology.  137. 

OnttBtorr  BuditioD,  341. 

Habit  and  Idea,  diSercDces  of,  158. 

Ilrreility  In  royalty,  146. 

Iliitonr  of  poycholugy:  HcibsTt  sad  I^bniu  on  pifchology  tsA  edn- 

CAlion,  149. 
Ha  ma  11  taetgy,  159. 
Hygiene  of  the  nerre*  and  mlitd,  ja?. 

liluiioiin:  KiiUtK'ioent  of  tbc  moon  at  ibe  boriion,  364:  Miiller-I,y«r 
fixate,  3SS:  Noti-vlsaal  character  of  the  ''proof' reader 'a  llltiiioii." 
iDo.    Sec  alio  Memory,  illusion*  of. 

ItnaKinntion.  514. 

Imitation  m  animals,  158. 

Jadgmenl,  piychotogy  of,  ite> 

Lying.  155. 

Mathematical:  Mathematical  proill|;{ei,  61.    See  also  Cortelatioo  and 

StatUtic*. 
Memory:    Kffect   of   change*  of  the   time    varinblca  Jn    mrmorittntf, 

306;  tllaMooa  of  memory.  411;  Initial  teoilcacy  in  ideal  revival, 

139;   Memorial  typea  and  retcutivciicio  in  nchool  children,  384; 

Memorittng  maaDtuglosti  syllable*,  304;  Mauiory  conaeloiisneaa  la 

the  cute  of  pictures  of  lamtliar  object*.  389:  Memory  for  abaolnte 

pilch.  194.  385.     See  niao  Anmcsiit. 
Mental  aixl  Ncttoii*  disease:  Scv  Hyicicne. 
Mental  b>niene,  IJJ. 

Mind  and  body:  Bod}-  and  *out,  156;  Infinencc  of  mind  on  body,  516. 
Minor  studies  from  tbc  Clark  Laboratory,  490:  froai  tbc  Vauar  lat>- 

oratory,  177. 

McBiurcDient  of  intcllectnal  capacities,  156;  Theory  of  Mental  and 
Social  Measurements,  375. 

Miscellaaeons:  Br&in  and  perBonality,  134:  Bvolntion  of  weight*  and 
mrasurct,  and  the  metric  system,  148;  Dtscaies  of  the  rectttm, 
$3%  "lutheFireof  itie  Heart."  36o(  L«ri){tb  ol  a  generation.  3  7S: 
Lombioso  and  icientilic:  philoaouby,  156;  Longevity,  37S:  I'kilifi- 
fine  Journal  0/  Scirixt.  383;  Psrcbic  aud  economic  rcsalia  of 
man's  physical  aprif^htness,  156;  Teratology,  155. 

Nerrous  Diaeas«:  In  relation  lo  the  motor  apparatait  of  the  eye,  536; 

Alchobol  and  aervoui  diseases,  t$6.  Sec  also  Alinormal. 
S'cnrolofci^ol :  Hralui  and  bra In-prcserea tires,   rjj;  Cerebral  ceairca 

for  lau^bing  sod  crying,  JI7:  Puaction  of  the  frontal  lobe*.  383. 
Nervous  System,  anatomy  of,  aod  of  acose  organs,  518;  of  Vertebrates, 

»«■ 

Olfaction :  Ataociatlvc  power  of  smells,  316. 

Passions,  16S. 
[  Fcdagoijlcal,  sm  Edncatloo. 

I  Perception:  Classification  of  perceptual  processes,  160;  Non-sensory 

^_  compoaeots  is  kbm  pcrccptioa,  160. 
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PestilciKOA  aad  enidcmic*,  i;  Bla«k  Death,  i. 

Pbilotophical:    Coaccpt*  ol  PhiloMpby,  373;  Ewrrday  Ethic*.  )7|; 
Fichte's  Vocation  of  Mao,  ^71:  Spinon  and   Rcltgion,  371;  Hoot- 
l«»»iiCMol  all  PtychnloiEy  (MKbJns).  151;  lilcaliatic   ConslnKIMa 
of  Bcp«rl«DCc.  37»:  IntnMucii'io  to  Pblloaophy  (Fullerton),  371; 
UcchNtiiitnof  ttianitbt. 3S0:  Natnrcof  mcnt«t  and  •piriluat  lilt.i^ 
Nutiirf  of  p«ycliic  and  •piriloal  life  a>  a  foandation    for  s  pbUo» 
pby  u(  thought.  ^Sw  NHiatcol  trntb.  5U.  Peraiatcnt  ProbleaKf 
Philiwoph)',   379;  PhiloUo*.   155;  Pbilosophj-   of   Odcthc'»  Piw 
J79.  «(  laatiimalc  Matter,  379;  Prasniatiato.  379,  5*4;  Root*  ofb 
alitv   IBax>.   578:    Second    li(*,    155;   S^cc    and   geotuclrj',  9 
Stodica  in   pbtloiopby  and  pij-cbolog^  iGarman  cotumemonn 
voluii)c)153;  Kabatitotci  tot  th«  m>u1  iq   inodern  paycbology,  A 
S<rnoe>*t<c   pliilo»opb)'   atid    pfotepomcna   of   ftcl«nce,    153;   Tt> 
worlfiaa  con  trail  klion,  ij6;  Vcdanta  pbilo*opby,  156.     S««  tit 
Spfnoia, 

Pb;aiolo(!icai :  Cetcbral  ciTCvIatJon  in  ilccp,  15S;  Motor  apparatad 
tbe  ej-cs,  s»6. 

Practice  m  react  ton -time*,  3S7:  Genera)  practice  effect  of  spccUl  ettt 
dw.  318. 

Paycblatncnl:  Paranoia.  319:  Po«t -apoplectic  detDcntia,  337;  TCIt 
bciok  of  Psychiatry  fUendel,  ed.  by  KraoMX  515. 

Paychogeiirtli,'  fee  Child  paychology  and  Comparative  paycholofT. 

Piycbic  (««arcli.  154. 

Plycbolofc'cal  Joarnats,  essays  and  apeciat  pobliuttiona;  Ranrarf 
psychalogical  atodiea  134;  L' Annie  Piyxkologiqut,  \i\\\  *ear.  141 
131b  year,  38a;  Ptychologicai  Clinic,  j8s:  Psycho- peda^ogic^ 
papeii  of  G.  Stanley  Hall  In  Czech.  jHi;  Wundt's  Ii««a*s,  t¥^ 
ZeitieMri/l  JUr  angewttulU  /'lytAcivgie  una  Psyt^otogitcHe  Sa»- 
mtt/ortAwf.  s*9* 

PsycboloKlcal  Litcialoic.  144.  l6t.  371.  314. 

PiycbopbyiHc*:  ace  Hsperiineutal. 

Pay C both etnpentlca,  JIJ,  516. 

Paycholofcy  applied  to  medicme,  313. 

Raccoona,  447:  AMoclation  and  meiDOTjr.  477:  BiblioKrnpby,  489;  Cote 
perception.  47^:  ExpcHntenia  on,  with  loclciax  dcTic^B,  463;  Gt» 
cral  oDMrvationi  on.  449;  Imitation  in,  48*:  Sammary  of  atudy  0%. 
4S6;  XoAtoKical  and  taxonomic  relation*  of.  448. 

KcadinjE,  144,  137;  Reailtng  pause*  and  eye  bio  re  men  ta,  144. 

SLcaaoning.  49a;  ExpFcitnemal  atuily  of  tcaiioDlD2  processes,  3S6. 

Raligion:   Kelljtioaii  epidemic*,  43;  ZtiUckri/i fir  Htligioiup^dt^ 

«■'>■  3»9. 
React  ion -lime*,  practice  10,  387. 
RbytbDi.  504. 

Scnsalit^n  ;   RKcet  r>\  alrobol  on  (be  »en«e  InnctioB*,  599. 

S^'QBC  orK'n*.  anatomy  ol.  518. 

Sei  :  Man  and  woman,  376;  Reproduction,  biology,  phyaiotovy^ 
MKiulogy  of.  967;  Sexual  bTRieac,  367;  Social  paychotogy  o/,  >(6; 
Woman.  377;  Woman  and  the  race.  3»8. 

Sleep,  cerdirai  cifcnlatlon  in,  138. 

Spiders.  Variability  of,  139. 

Spinoza  and  modem  piycbolocy.  314- 

SocUl  p»ycholo)iy:  134.  iJS.  3A  CbilJreti's  Ctuaades.  33;  Comtaercwl 
craicB.  4>;  Mimilviipi  acbeinc,  41:  Sooth  Sea  Bubble,  43;  Equality. 
S»9;  Energetics,  iss;  Inst'tut*  SoHay,  [,(4.  a6i;  Mrasurcmcat ol 
inlcllcctuni  capacities  and  enCTi^ettc*.  136:  Natural  ori|{iii  of  prop- 
erty, isj:  "Soc^l  and  Ethical  Interpretatioo*  in  MeBtal  I>ere1op- 
ment,"38oi  "Unit  of  Sirifa,"  15a.  "^ 

SngigMlioti,  368. 
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SjnsBtheala,  341. 

Statistical,  157;  Scientific  criterion  of  literar;  merit,  ij?.  See  also 
Carre  lat  Ion. 

Taste:  Relation  of  the  four  fundamental  qnalltic),  387. 

Text-books:  Elements  of  Paychology  (Thorndike),  373;  Psjchologr, 

(Jndd),  38a.  saS. 
.  Time  judgments,  177;  Systematic  errors  in  time  estlmatloD,  187. 

Tone-psychology,  159;  Topal  reaction,  159. 

Toach:  Flnctuation  of  attention  to  ctttaneons  stlmnli  to,  30a. 

Vision:  Biaocular  depth  perception,  157;  Fluctnation  01  minimal 
Tisual  stimuli,  3S6-,  Imperceptible  shadows  in  judgments  of 
extent,  38S;  Light  discrimination,  331;  Motor  apparatus  of  tbeejc, 
516;  Normal  and  abnnrmai  color  aystems,  155;  Visual  imagery, 
389;  Visual  space,  156. 

Voinntary  movement,  antecedents  of,  160. 
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